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DAIRYING ON SECOND CLASS LAND. 
AN EXAMINATION OF CHANGES IN 
FARMING SYSTEMS. 

By Professor A. W. Ashby, M.A., 

.\NI> 

J. Pryse Howell, M.Sc., 

I’niversity Aberystwyth. 


As a result of the recent low prices of butter and developing 
facilities for milk transport a number of farmers in districts 
hitherto producing butter and store stock are now tempted to 
turn to the sale of milk. Domestic objections to the trouble 
of making butter combine with low returns to make the women- 
folk of the farms favour the change. There is scarcely any 
doubt that direct sale of milk has proved to be one of the most 
profitable farm enterprises during recent years, especially where 
the bulk of the supply could be sold at ‘‘ liquid ’’ price, and 
where pastures were fairly good. In the newly-opened collec- 
tion areas, however, the price tends rather to the level of the 
surplus and in some the main object of the dealers is that 
of purchasing milk for manufacturing purposes. On the whole 
the land of these districts tends to be poorer than in those 
previously opened up for milk production. 

The products of the dual purpose stock-raising herds have 
been store-cattle, prime draft cows, and butter; with pigs of 
one type or another as at least a partial by-product. The com- 
bination of pastured stock on these farms has included the dairy 
herd, store cattle from the weaning stage to 2 — 2^ years old, 
and usually a permanent flock of sheep. On the farms with 
some good pastures fat lambs and on others with poorer pas- 
tures stores have been produced. The sales from farms of two 
fairly typical areas of this kind; one with second-class rising to 
slightly better land, and the other with second-class tending to 
lower quality; indicate the proportions of receipts from each 
class of stock. Deducting purchases of livestock of each class, 
the livestock output is shown. 

While the general character of the combination of enter- 
prises on these two groups of farms is seen to be much the 
same some quite significant differences can be discerned in the 
higher sales of milk and butter, the lower sales of sheep, and 
the higher sales of pigs from the better-land farms. The lower 
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sales of horses, and the higher sales of poultry and eggs are 
also significant in their own way. The sales of cattle do not 
show much difference, but there are differences in the types and 
quality of cattle sold. Other differences will be discussed at a 
later stage. 


District A. Better land. 




Per 100 

acres. 



Total 


Gross 



Sales. 

Per cent. 

Output. 

Per cent. 


£ s. d. 


£ s. d. 


Horses 

5 16 5 

1.8 

14 5 9* 

8.4 

Cattle 

lU 18 8 

24.8 

97 10 5 

22.9 

Butter and milk 

88 5 11 

19.1 

88 5 11 

20.7 

Sheep 

43 0 1 

9.8 

29 7 2 

6.9 

Pigs 

88 2 4 

19.0 

70 16 2 

16.6 

Main livestock 

840 3 0 

78.5 

810 5 5 

70.5 

Poultry and eggs ... 

88 1 10 

19.0 

93 9 10* 

22.0 

Others 

84 14 6 

7.5 

82 0 9 

7.5 

Total 

468 0 4 

100.0 

425 16 0 

100.0 


Including increase in inventory valuations. 


District B. Poorer land. 


I 




Per 100 

acres. 



Total 


(m toss 



Sales. 

Per cent. 

Output. 

Per cent. 


£ s. <1. 


£ s. d. 


Horses 

20 9 4 

5.2 

8 4 6 

2.6 

Cattle 

128 10 10 

82.5 

97 8 1 

31.2 

Butter and milk 

48 18 7 

12.8 

48 18 7 

15.6 

Sheep 

72 9 8 

18.8 

40 11 1 

12.9 

Pigs 

28 18 1 

7.8 

21 18 8 

7.0 

Main livestock 

299 1 6 

75.6 

216 15 11 

69.8 

Poultry and eggs ... 

.58 11 8 

13.5 

55 0 9 

17.7 

Others 

48 6 5 

10.9 

40 15 0 

18.0 

Total 

895 19 7 

100.0 

812 11 8 

100.0 


“ Gross output " equals sales plus or minus valuation differences, and 
minus purchases of livestock. 


It would be possible to set out conditions which would show 
a far greater contrast to those of District B. and from the best 
pasture districts of Wales an illustration of farms with very 
much higher sales of milk could be obtained. But this illus- 
tration of District A. has been chosen because it indicates the 
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conditions to which District B. will approximate when the 
change towards more milk production has occurred. A com- 
parison of conditions in District B. with a district with still 
better land and pasturage than the present District A. would 
be to a considerable extent unreal and unpractical. But the 
conditions in District A. may be compared with those of a dis- 
trict slightly better than its own. 

The combinations of livestock pastured and kept naturally 
vary from farm to farm, but also they vary to some extent 
from district to district. In the two areas quoted the number 
of livestock per 100 acres were : 


Horses (working? aiul 
other) 

('ows 

Other cattle 
Sheep 
Pips 
Poultry 

Stock units (cows) ... 


Dhtrict A. 

5 

12 

il 

:>(i 

282 

4o.;i 


I)\»trict B. 


7 

10 

23 

95 

16* 

164 

38.4 


The importance of these combinations especially of cattle 
and sheep is in the full utilisation of all the pasturage. The 
cows and the younger store cattle obtain the better sumnier 
pasturage, while the stronger store cattle get the poorer and 
also follow the cows and younger stores, while the sheep usually 
get the poorer summer pastures and follow the stronger store 
cattle or the cows. During the winter the sheep tend to get 
access to most or all of the pastures. 

Although the general stocking appears much the same in 
each district when it is measured in stock-units, there is an 
appreciable difference. And there is a very considerable 



Land utilLation 

(per 100 acres), 

1 


Di$tri 

ct A, 

Distr 

ict B, 



Yield 


Yield 


Acres, 

Tom, 


Tons, 

Cereals 

18.9 

10..5 

14.0 

6.7 

Roots 

2.0 

28.7 

2,6 

24.0 

Potatoes 

i.r 

11.0 

1.7 

8.5 

Hay 

18.8 

16.4 

25.2 

18.9 

Pasture 

59.1 

— 

56.5 

— 

Purchased foods 





(per 100 acres) ... 

1 £T4 12 1 

! £65 

7 S 

Artificial manures 





(per 100 acres) 

£10 

2 4 

£7 

2 2 
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difference between the groups in the requirement of concentrated 
feed. The stock combination of District A. has an appreciably 
higher requirement of these feeds. There is much more of 
actual feeding by pasturage of stock in District B. than in Dis- 
trict A. The stock combination in each district has been closely 
related to the quality and capacity of the land. 

It is difficult to display the exact differences between the 
stock on the farms in these different districts and between their 
feed requirements. The difference in quantity of stock may be 
set at about ten per cent, higher in District A. than in District 
B, but the supply and requirement of grain and concentrated 
feed is about 33 per cent, higher. The total supply of roots is 
about equal, but the hay supply and requirement is slightly 
higher on the poorer land farms but this is fully balanced by 
use of extra oat-straw on the better-land farms. While the 
difference in quantity of fertilisers used does not appear very 
great in itself there can not be any doubt that the higher supply 
together with the greater amount of residual manurial values of 
grain and feedingstuffs have an appreciable effect on the feed 
yield of pastures. These difference and those in the quality of 
pasturage due to general differences in soils are reflected in the 
sales and the gross output of the two districts. 


Total. 

SnleH. 

(Irosit 

Ontput. 

I’oorer-laiul 

1(K) 

1(K) 

Better-land 

117 

136 

M ain-Li cestock Cla«!fvs. 

Poorer-land 

100 

100 

Better-land 

113 

148 


While the proportionate difference in sales is not great, there 
is on the whole more buying-in to maintain the sales from the 
poorer-land farms, and there is a very considerable difference 
between the output in favour of the better land farms. The 
value of the output may be regarded as the product of the land 
and the feedstuffs used. On the whole, the products of the 
better-land farms are more of the nature of final products than 
those of the poorer-land farms. 

The positions of farmers in these two districts in respect of 
change towards more dairying and to milk-selling vary to a 
considerable extent. It is suggested that in District B. with 
second-class tending to poorer land, the practical possibilities 
of change are in the direction of the combinations found in 
District A. There is very considerable risk in a change towards 
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milk-selling in such a district except under quite special cir- 
cumstances. On the other hand, efforts will be made to develop 
and extend the dairy herds of District B. and to sell milk ; and 
this may be possible. 

In District B. there is a possibility of intensification of 
production by improving pastures and hay crops, and by using 
more concentrated feeds. This intensification may be in the 
form of more stock of each of the types now carried, but is 
more likely to take the form of increases in some classes and 
types and decreases in others and of some changes towards 
improvement of the qualities of stock. But as there is interest 
in the possibilities of selling milk in District B. it is necessary 
to consider some of the conditions of the possible change. 

Hitherto the milking herd, butter-making and raising of 
yearlings, have been essentially joint enterprises. The separated 
milk has been regarded as essential to rearing good quality 
yearlings. But in the full utilisation of the pastures the sheep 
enterprise also has been of somewhat of a joint character. 

The essential problem before those farmers in District B. 
who are considering the change to selling milk is that of secur- 
ing revenue (making net sales) at least equal to those under 
the previous system with equal or lower expenditure, or that 
of securing higher sales with not more than proportionate or 
with lower than proportionate expenditure. 

With loss of the supply of separated milk when milk is 
sold instead of butter, the probability is that fewer calves will 
be reared, and consequently sales of store cattle will be smaller. 
Perhaps this is not a necessary consequence, for methods of 
calf-rearing other than by the use of separated milk may be 
used and made successful .but hitherto it has been commonly, 
almost universally, affirmed that use of this milk was necessary. 
And the general experience is that sale of milk leads to less 
rearing of calves. With such smaller sales of store cattle, and 
with more pasturage for cows, the tendency will be to increase 
the size of the milking herd both to secure revenue and to use 
pastures. But, as indicated, the pasturages on the individual 
farms vary in quality, and the question arises whether there 
is sufficient of good pasturage for an increased number of cows. 
Hitherto, on most farms except those few producing fat lambs, 
cows, weaned calves and yearlings, have been kept practically 
up to the carrying capacity of the better land. In such cases 
there will be restricted possibilities of increasing the milking 
herd except at increased cost. With a reduction in store cattle. 
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especially of the stronger type, the alternative then is an in- 
crease in the sheep flock. In this case the practical question 
is whether the use of pasture under a slightly greater herd of 
cows, less store cattle, and more sheep will be as complete and 
economical as formerly. 

Should calves continue to be reared in the former numbers, 
any increase in milking cows is dependent on reduction in num- 
bers of older store cattle or in sheep, and again the question of 
full use of pasturage arises. Some improvement of pasturage 
with increase in carrying capacity either for more milking cows 
or for general stock is quite possible, but it will not be universal. 

Other aspects of the economy of the former combinations 
of livestock in the use of pastures are found in hay supplies and 
some arable cropping. The oat crop has provided some fodder 
for store cattle, and the rotational cultivation has maintained 
quality in pasturage and more particularly in hay. With a 
reduction in numbers of store cattle there may be a tendency 
towards less arable and consequently to smaller areas of the 
better hay supplies. With an increase in the milking herd 
greater supplies of the higher quality hay will be required, and 
necessity for purchase of more concentrated feed will follow 
any reduction in arable. The supply of good hay and need of 
concentrated feedstuffs, in fact, are likely to prove important 
factors in the success of change from stock rearing to milk sell- 
ing. With increase in the milking herd, in fact, the indications 
are that an increase rather than a decrease in arable would be 
required, but judging by general experience this it not very 
likely to occur. The change towards more dairying on this 
type of land cannot be made effective without improvement of 
pastures. 

Briefly, the whole economy of the farms on the second class 
land will be altered by a change to sale of liquid milk which is 
followed by an increase in the number of milking cows, and these 
two changes usually go together. One is almost certain to make 
the other necessary to the maintenance or possible increase of 
revenue. Such changes as are under consideration have been 
made in other parts of Wales in former periods, but on the 
whole on better and less exposed lands, with somewhat longer 
pasturage seasons. The former changes do not provide a com- 
plete or equal comparison with those now proceeding. 

Another important consideration in respect of the herds 
whose purpose may be changed is that the greater part of the 
milk supply has been obtained during nine months of the year 
March to November (and in some herds between April and 
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October) although some individual farmers have increased win- 
ter milk-yield for making butter. A continuation of this general 
trend of seasonal production will bring the consequence of low 
average price for milk. On the other hand, change over to 
more winter production may involve some purchase of cows, 
and when it is made will certainly involve heavier purchases of 
concentrated feed. 

On this class of land it will still be necessary to maintain 
a herd of cows with good constitutions and generally hardy ’’ 
in character. In any change towards more dairying there may 
be a tendency to seek for milking strains and this may 
be done given that the heavier milking cows have good con- 
formation and constitution. There is some risk that in making 
a change towards more dairying and changing the type of cows 
there may be some reduction in selling quality of store cattle, 
more particularly steers, but this need not occur ; and with good 
foundation stock and better pasturage and feeding there may 
be improvement. 

In the case of District A. with second-class tending to better 
land the general considerations are very much the same as in 
that of District B. except that here the possibilities of economic 
change are somewhat higher. Here specialisation towards 
dairying and especially milk-selling may be quite definite. But 
again, the economic possibilities of increasing the herd of cows 
largely depend on the extent of the relatively good pastures 
capable of carrying cows; or the possibilities of improving pas- 
tures and also of improving meadows or obtaining leys to make 
good hay. Here, judging by experience, there is likelihood of 
tendency to reduce arable but this is not necessary and may 
be inadvisable. And again in this case there will be some 
change in the stocking. As the size of the milking herd in- 
creases there will be a reduction in the proportionate numbers 
of other stock, possibly some absolute reduction. Stated in 
another way, as pastures are improved and the stock carrying 
capacity of the farms is increased by this and the purchase of 
more feedstuffs the increased capacity is taken up by the dairy 
herd. Conditions will vary, and in some cases the milking herd 
will be increased at the expense of other stock ; while in others 
the reduction in other classes of stock may not be very great. 
On this class of land it is scarcely possible to make full or 
economical use of all the pastures, even after considerable 
improvement, without the aid of stock other than cows. Hav- 
ing set out the general considerations it is necessary to try to 
illustrate the process and the effect of change. 
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In the re-organization of the farm the most significant 
change in stocking would be the increase in the number of dairy 
cows by anything from 50 — 100 per cent* Some rearing could 
be done but most probably this would be confined to the rearing 
of the best heifer calves for the replenishment of the herd. The 
rearing could be done during the summer months when there 
is the more plentiful supply of milk which could only be dis- 
posed of at a low price. Again, there is no great disadvantage 
in summer rearing of calves for the herd as is the case for the 
store stock market, whereas for that purpose autumn and winter 
calves are always to be desired. 

Whether or not sheep can be maintained in equal numbers 
after the change will depend primarily upon the individual farm ; 
if there is a considerable acreage of rough-grazing, considerable 
reduction need not occur. Generally, however, sheep manage- 
ment would be changed. Instead of maintaining the largest 
possible permanent flock throughout the year, the ewe-flock will 
almost certainly be reduced and there will be a tendency to 
buy flying flocks in the autumn; these would follow the dairy 
cows over the pastures and in this way they would dovetail into 
the new system. 

Milk production would be a more specialised system and 
receipts from milk would provide the main part of the farm 
income. Cattle sales would consist mainly of draft cows and 
calves, store cattle production (if kept on) would become quite 
a subsidiary enterprise as the dairy cows would need all the 
best pastures and also the best of the home-grown foods. Again 
the sheep would be a complementary enterprise and this branch 
would not be looked upon in quite the same way as a separate 
productive branch of the farm. 

On most farms some additional labour would probably be 
necessary, partly for special purposes like drainage and other 
extra work on pastures. There would also be some change in 
the nature of the work. More specialisation would be called for 
and a fuller understanding of feeding and attention of the dairy 
herd. As effective and economical feeding of cows would become 
an important item in determination of profit or loss the com- 
bination of home-grown food with purchased feeds would need 
careful study. Again, with any increase in labour supply, the 
full utilisation of labour might depend to a large degree on the 
extent to which the use of home-grown foods would qualify 
the necessity of considerably larger expenditure on concentrates. 
However, higher costs in feed requirements would be necessary 
in order to improve the quality of the rations fed. As some 
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pastures would need improvement higher expenditure on manures 
would be necessary and justified, especially for top dressings. 
The increased use of concentrates would assist attainment of 
this end to some small degree, but the proper conservation of 
the manure would become very important as it would be stored 
in the farm yard and is there subject to serious loss. 

The financial and other conditions most closely approaching 
those which might be possible in District A. (when considerable 
improvement in pastures has been made) which have been found 
in actual farm accounts are illustrated below, where the average 
conditions on a group of milk farms are compared with those 
recently existing in District A. 

In this comparison it should be noted that the land in farms 
of District A. is somewhat poorer than that of the milking 
farms, as indicated by difference in rental value between 18s. 8d. 
and 24s. 6d. per acre, or by the difference in stock units (in 
cows) carried between 40 and 54 per 100 acres. It is difficult 
to obtain an exact assessment of differences in quality of land, 
but the difference here may be of the order of 25 to 30 per 
cent. Whether it is possible to obtain an improvement of this 
order in the pastures and meadows of farms in District A. 
depends largely upon conditions of individual farms. It may 
not be impossible on some farms but will certainly be difficult 


Comparative figures of stocking, sales and expenses of milk selling and 

butter farms. 


Stock carried per 

100 

acres. 

Hut hr 


I////.- 

A). 


A’f>. 

iVo. 

Horses 

.5 

5 

Dairy eows 

20 

12 

Two-year-olds 

1 

3 

Yearlings 

8 

10 

Calves 

18 

12 

Breeding* ewes 

30 

17 

Other sheep 

m 

21 

Breeding sows 

o 

3 

Other pigs 

(>9 

53 

Poultry 

230 

282 

Sto<?k units (eows) 

•A 

40 


and too expensive on others. Again it may be noticed that 
there is generally greater intensity of stocking on the milking 
farms. If these differences are held in view the comparison may 
be presented* 

As this comparison has been obtained by actual accounting 
it necessarily follows that the results partly arise from recent 
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prices of produce — ^namely for the year 1980-1 ; and that an) 
such comparisons are subject inter alia to changes in prices o 
one, or more, or of all the products. But the most importan 



fact, probably, is that the price of milk was about lid. per 
gallon. A fall of 2d. per gallon would reduce profits on the milk 
farms by about £85 (to about £188). The high number of 
calves on the milking farms should be observed. It should also 
be noted that the ‘‘ profits ” here shown do not include all the 
farmer^s or the family’s earnings per 100 acres, because a certain 
amount of such income may be included in the item of wages 
Thus if it were possible to improve pasturages, &c., of 
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District A. to raise the stock carrying capacity by about 80 
per cent. 9 and there was a very large increase in purchase and 
use of feedstuffsy it might be possible to raise the sales to the 
standard of the milking farms. The total expenses and the 
profits might possibly be somewhat similar to those of the 
milking farms, but they would be differently distributed. There 
would not be an increase in rent, but there cannot be any doubt 
that £82 difference in rents would be absorbed in proportionately 
greater increases in other items of expenditure— drainage and 
other labour on improvement of pastures, seeds and fertilisers, 
in feedstuffs, and possibly in livestock. 

This might be the position on the farms of District A. with 
the greatest possibilities of improvement. But intermediate 
positions must be considered, partly because they would repre- 
sent the intermediate conditions in the process of making the 
change on the better farms, and also because they might repre- 
sent the final positions on farms with lower possibilities of im- 
provement. 

The possible intermediate positions may be illustrated as 
below : 


Comparative figures of stocking, sales and expenses. 
Stock per 100 acres. 


Horses 

District .1. 
(as bvtter- 
tnakhuf 
before 
change). 
No. 

... .5 

Change 1. 

^felling 

after 

change). 

5 

Change ii 
{Milk- 
selling 
after 
change). 

5 

Dairy cows 

12 

16 

18 

Two-year-olds 


3 

3 

Yeariings 

10 

10 

10 

( alves 

12 

15 

16 

Breeding ewes 

17 

17 

17 

Other sheep 

21. 

24. 

24 

Breeding sows 

Other pigs 


3 

8 


:)3 

53 

Poultry 

282 

282 

282 

Stock units (cows) 

10 

41 

46 


It is thus indicated that the financial result of change 
might be that of doubling profit, and that either of such changes 
might bring results for District A. somewhat similar to those 
of the milking farms. In this connection, however, it must be 
remembered that a drop of Id. a gallon in the price of milk 
(from lid. to lOd.) would here reduce the profits by about £88 
in the case of the first change, and about £87 in the case of 
the second change. At a net price of 8d. in the case of Change 1 
the profit would be reduced to about £129 and in the case of 
Change 2 to about £99. Thus results would be very little 
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different from those obtained by making butter. The continua- 
tion of calf rearing which is here assumed must also be taken 



Summary of approximate results District A, without change, and 
estimates with changes. 

Whhovt Esthnateit. 



Chavtjv, 

Chanifc 1. 

Change 


£ 

£ 

£ 

Sales 


799 

S79 

Expenses 


571 

656 

Balance 

£m 

X22B 

X22a 


into account. If substitution of other feeds for some separated 
milk were not successfully carried out and fewer calves were 



Costs of Production and Prices of Milk* 


17 


reared, or the same number of calves with smaller sales of whole 
milk, the results would require qualification. 

The net price of milk (price less rail or other charges) and 
the prices or costs of feedstuffs must be two big factors in the 
determination in the results of any such changes. While there 
cannot be any dogmatic statement about the possible hnancial 
results of such changes it seemed desirable to examine the 
possibilities of results while farmers are considering making 
changes. This examination has been made with the aid of the 
best information which could be obtained at the present time, 
but every farmer who is interested must examine and qualify 
these figures according to his own experience and the conditions 
of his farm. 


COSTS OF PRODUCTION AND PRICES OF 
MILK. A STUDY OF SOMi: TENDENCIES, 
By Professor A. W. Ashby, M.A., 

AND 

W. H. Jones, B.Sc., 

I’niversity College, Aberystwyth. 


On a priori grounds and on grounds of experience in the 
cases of other commodities it might be expected that the price 
of milk would be found to be related to — 

(a) the costs of production; 
or (b) the prices of milk-products; 
or (c) possibly, a combination of these. 

But in the wholesale price of milk for liquid consumption 
there may be influences of — 

(d) special costs of production (other than costs neces- 
sarily incurred in producing milk for manufacturing pur- 
poses) ; 

(e) an element of monopoly value. 

Very little work has been done in the study of milk prices. 
During the last few years the market seems to have been 
dominated by ideas that the principle of charging for milk in the 
market for liquid consumption might be that of charging ** what 
the traffic would bear ”, at the same time of changing the 
scope and the nature of the ** services ” sold with milk ; and 
on the manufacturing side the ostensible principle has been that 
of valuing milk as raw material according to the changes in 

B 
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prices of imported cheese. This is ostensibly the case, but behind 
these appearances there may be other real influences at work. 


Types of milk producers. 

As regards the relation of costs of production to prices of 
milk, it must be said that little is known. General opinion 
would be that production of milk for liquid consumption, for 
sale at the higher prices, has been profitable : that is to *say 
that prices have covered all the costs of the marginal ” pro- 
ducer, including interest on capital and remuneration of manage- 
ment. On the other hand, there have been opinions that 
production of milk for manufacturing purposes — ^for sale at the 
lower prices — has not been profitable. It is difficult to estimate 
the degree of truth in this opinion for milk producers may 
be divided more or less into three or four classes — 

(a) those mainly or wholly producing for and selling 
to the liquid market; 

(b) those selling a substantial proporiton — 70 per cent, 
or more — for liquid consumption, and the remainder at 
manufacturing prices; 

(c) those selling mainly to the manufacturing market. 

Profitableness of dairy enterprise. 

Considering the whole field of production, and taking into 
account the increase in number of cows and in the actual supply 
and sales of milk, it might be considered that milk production 
has been generally profitable. Nevertheless it has to be borne 
in mind that some other farm enterprises have been unprofitable, 
and there is the possibility that farmers have turned to the 
least unprofitable enterprise in which they could engage. The 
increase in milk production in this case would not be evidence 
of positive high profits in the dairy enterprise, but of least loss 
amongst the possible choices of enterprises, or of low profits in 
milk production as alternative to losses in other enterprises. 

Cost and price of Milk. 

There is at present very little evidence on the relation of 
costs of production to prices of milk. Most of what is knowil 
in a general may be summarised in these statements. / 

(1) Costs of production per cow or per gallon of mi|1r 
show very wide variations. The costs per gallon of 52 
individual farms in 1927-28 showed variations betwera 
7d. and lOd., and similar costs for 89 farms in 1928-22 
showed variations between 8d. and 17d. In each year 
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there were some costs higher than 17d. but these may 
always be regarded as special cases. 

(2) Medium and higher costs are not necessarily evidence 
of low efficiency in production, and low costs are not 
necessarily evidence of high efficiency. Higher and 
lower costs are associated to some extent with different 
systems of production which again are related to 
different markets with varying price-levels. 

(8) Medium and higher costs are not of necessity asso- 
ciated with low profits, and consequently low costs are 
not necessarily associated with high profits. But there 
is some evidence that the higher profits are associated 
with the lower costs. 

The occurrence of variations in costs per gallon of milk is 
not at all unique in costing experience, for variations in the 
production costs of a commodity from firm to firm are quite 
well known even in industrial costings, and are common through- 
out agricultural costings. The reasons for such variations are 
many and various. Farms producing milk mainly on pasturage, 
with a high proportion of summer milk, will tend to have a 
low cost ; and as this type will be selling largely for manufacture, 
they will tend to realise a low price. On the other hand, farms 
producing a high proportion of winter milk, or a fairly level 
supply throughout the year, with the necessity of housing cows 
for long periods and probably the necessity of buying cows 
to maintain supply, will tend to have high costs and need to 
realise fairly high prices. Indeed, the higher prices obtainable 
for fairly even supplies tend to stimulate this type of produc- 
tion ; while in districts in which the demand is mainly from the 
manufacturing side the less intensive type of dairying is carried 
on. Again, there may be differences in cleanliness or other 
elements of quality, or of reliability of supply, between one farm 
and another and these are to some extent associated with costs 
on one side and price on the other. But the costs dealt with are 
usually farm costs only and they do not include transport 
charges. There are several forms of combinations of transport 
services with varying costs ; the farmer may merely send by cart 
to a local depot ; milk may be collected from the farm and taken 
to a local depot by the buyer who makes set charges for collec- 
tion ; milk may be collected by lorry and then railed or not (as 
the case may be) by the buyer but the farmer is charged with 
both services ; or the farmer may deliver to a local station with his 
own vehicles and then rail, directly bearing both charges. Rail 
charges alone may vary between |d. and g^d. per gallon. Charges 
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for collection by buyer’s lorries vary between ^d. and Id. ; and 
farmers’ own costs of delivery from farm to local station have 
been shown to vary between and 2d. per gallon. When these 
varying transport costs are fitted to the appropriate farm costs, 
there will be some equalising of the total costs of farm produc- 
tion and costs of delivery to buyers ; but considerable variations 
in total costs will still remain. Immediate farm costs of produc- 
tion vary to some extent inversely with costs of transport, 
tending to be higher with nearness to market and low transport 
charges. But the causes of high and low farm costs of produc- 
tion are exceedingly complex. In individual cases there will be 



high and low degrees of efficiency in the herd, and in the producer, 
and profits will vary with these degrees to some extent without 
relation to the external circumstances of the local or general 
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market. For short periods herds may suffer from disease losses 
or depreciations, and the effect of abortion, mastitis, Johnes 
disease, etc., on costs of production on individual farms are 
well-known. Bearing these conditions in mind, the following 
summaries of lists of individual costs may be given. 

The Table on page 20 shows in simple form that it is the cases 
where a comparatively high price per gallon is received that 
relatively high costs are incurred. A good test, however, is the 
profit per cow ; this takes the yield factor into consideration. 

The association between costs and realised values of milk 
have been measured by the statistical method of correlation, and 
as far as these measures go they show a fairly close association 
between costs and prices of milk on groups of farms. The 
coefficients of correlation are given for different groups of farms, 
all England, N.E. England, and Wales. 


All England. 

Costs per cow and receipts per cow : 

1927- 28 (68 cases) 

1928- 29 (5i cases) 

Costs per gallon and receipts per gallon : 

1927- 28 (68 cases) 

1928- 29 (.51 cases) 
yorth Eastern Area : England. 

Costs per cow and receipts per cow : 

1927- 28 (29 cases) 

1928- 29 (29 cases) 

Costs per gallon and receipts per gallon : 

1927- 28 

1928- 29 

Wales. 

Costs per cow and receipts per cow ; 

1928-29 (26 cases) 

Costs per gallon and receipts per gallon : 
1928-29 (26 cases) 


(\)r 111 dent of 
correlation. 

r == -f .65 
r - f .69 

1* - -h .1.5 
r -- -f ..56 


r — ■ ■+■ .78 
r - -f .73 

r - .61 

r - + .71. 


r -f .73 
r — 4- ..56 


There are some farms with medium and high costs suffering 
losses, but these figures indicate that there are necessary varia- 
tions in costs in relation to conditions of sale and the prices 
realised. 

Diagrams I. and II. indicate more clearly the relationship 
between the costs incurred on the cows and the total receipts per 
cow. It is, of course, obvious that a very large number of 
factors come into play in determining this relationship, and any 
association between the two variables depends upon the effects 
that such factors have upon one another. An attempt is made 
below to examine some of the intermediate relationships involved. 
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The straight lines in these diagrams indicate that it is the farmers 
who incur comparatively heavy expenditure per cow, that obtain 
the largest output per animal in the herd. As only the average 
relationship is shown by the straight lines, it indicates that 
the latter increase at a faster rate than the former. This can 




be partly explained, of course, in terms of variations in the price 
per gallon received for the milk. But the relationship between 
costs per cow and receipts per cow does not appear to be a linear 
one, from the distribution. A curve fitted to the scatter shows 
that the receipts rise faster than cost for low values of the latter 
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and slower in the region of high costs per cow. This is, of course, 
to be expected as a certain amount of additional expenditure 
on the herd may be recouped, but eventually, a point will be 
reached beyond which the return will show a diminishing 
tendency. 

The most important question which confronts every farmer 
engaged in the business of milk production is : At the price 
offered for milk, to what extent is he justified in intensifying 
his production? The principle of increasing and diminishing 
returns may operate in any phase of production operations; 
identical increases in the yield of milk from a cow will not be 
obtained for each unit increase in the amount of food she 
consumes. As a cow approaches her capacity to make use of 
the feed supplied the additional increment may be followed by 
a more than proportional increase in the yield of milk, as at this 
point, the cow will be producing at her maximum efficiency. 
When an attempt is made to increase the yield beyond that 
point, it will be generaUy found that a diminishing increment 
is obtained for equal additional quantities of food supplied. 
Efficiency declines, as a rule, when an attempt is made to augment 
output by working at a point beyond the capacity of the 
producing unit. 

This principle does not apply in precisely the same way 
when it is considered in its physical and in its economic aspects. 
Under certain conditions a farmer may be justified in carrying 
production into the regions of diminishing phyicaT return. It 
does not necessary follow that the point of maximum physical 
output per unit of feed is also the point of maximum financial 
return per unit of cost. It is the relationship at the margin 
that is of greatest interest to the farmer; he needs to balance 
the additional expenses against the additional return and Vc will 
be to his financial advantage to intensify production as long as 
the value of the additional product exceeds the cost of producing 
it. From this it is apparent that even when diminishing returns 
prevail it is possible that production may be profitably pursued 
beyond the point of optimum physical returns. 

As an end in itself farmers are not necessarily interested 
in low costs per gallon. Of course, it is desirable under any 
given conditions that this figure be as low as possible, but it is not 
always true that a farmer working at the point of lowest cost 
per gallon could not increase the total revenue from the herd by 
intensifying production and, in consequence, possibly increasing 
the cost per gallon. Profit is made on the margin between the 
price received per gallon and its cost. A small margin, however. 
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on a large gallonage rnay yield a bigger sum than a wide margin 
on a small amount. The financial objective is the maintenance 
of profit at its maximum and not cost per gallon at its minimum. 
In the business of milk production a few important factors have 
a significant influence upon this objective, and, furthermore, 
some of these are directly under the farmers’ control. Little 
is known, however, of the relationships between the forces at 
work in the production processes ; in this study, therefore,^ an 
attempt is made to apply the statistical method to the problem, 
in order that some of the causal factors may be examined. 

Information from a good and representative sample of 26 
farms is available for Wales. Data relating to 117 holdings in 
England have also been analysed ; the latter are divided into two 
groups as the information was collected in different years. This 
inquiry, therefore, covers 143 farms. The following five factors 
were found to be of importance in the economy of milk produc- 
tion and they are used as variables in the statistical analysis. 

(1) Total Costs per Cow; 

(2) Total Receipts per Cow; 

(3) Cost of production per Gallon ; 

(4) Price per Gallon ; 

(5) Yield per Cow. 

The cost per cow can be appreciably modified by altering 
the amount or quality of food given and by changing the amount 
of labour used on the herd ; and these variables are more or less 
adjustable. In general an increase or decrease in the amount of 
feed supplied and attention given to the animals will be reflected 
in the yield of milk. The latter is, therefore, to some extent a 
function of the former ; the information sought, however, is the 
average change in yield concurrent with changes in cost per cow. 
The three groups will, in the following analysis be referred to by 
the symbols I, II and III.' The correlation between yield and 
cost per cow in the three samples is as follows : — 

I, r ~ + .58; II, r = -f .36; III, r = -f .43. 

Although the coefficients are not high they have statistical 
significance in view of the size of the samples. In general an 
increase in cost per cow is followed by higher yields. The 
result, of course, does not imply that in all cases the higher 
costs per cow are brought about by more intensive treatment 
of the animals. A small herd may show this result if it is badly 

I T, Welsh Group; II, English first year Group; III, English second 
year Group. 
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managed, and especially so if labour is used uneconomicaHy 
even though feeding is light. These would be exceptional cases, 
however, and in general it would be safe to infer, from the 
information, that the higher yields are obtained primarily as a 
consequence of comparatively heavy feeding and of careful 
treatment of the cattle. 

If the rate of increase in yield were proportional to the rise 
in cost per cow, the cost per gallon would not change. From a 
practical standpoint this is of great importance ; farmers wish 
to know if modification with regard to the intensity of working 
is likely to be justified. This will depend to an appreciable 
extent upon the relationships between these variables. The 
correlation between cost per cow and cost per gallon is high — 

I, r -f .90; II, r + .93; III, r -- -f- .fU. 

These two variables run together very closely and the 
scatter diagrams below indicate this persistent tendency. 


DISTRIBUTION (SCATTER) 1927-28 



COST PEa GALLON. 


The increase in yield takes place on the average at a slower 
rate than the rise in cost per cow ; the former fails to offset the 
changes in the latter. The principle of diminishing physical 
returns definitely comes into play in this connection as under 
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intensive working, milk is being produced at comparatively high 
cost per gallon. It should be borne in mind, however, that high 



yields are not associated with high costs per gallon. The 
coefficients of correlation are negative for the three groups — 

I, r — .16; II, r = — .19; III, r = .17. 

The problem, so far as the variables already considered arc 
concerned, resolves itself into the following considerations* 
Increasing the outlay per cow, on the average, will result in 
higher yields; but as the yield rises at a slower rate than the 
outlay, intensifying production generally results in increasing the 
cost, per gallon, of producing milk. The nature of the informa- 
tion available enables inferences to be made to the effect 
that the results obtained by the study of these samples, apply 
with a high degree of certainty to other farms of a similar 
character. 

A factor of supreme importance in the economy of milk 
production is the price received. A farmer can do little to alter 
this at any one time; over a period, however, he may change 
the average price he receives by modifying the character of his 



Costs of Production and Prices of Milk, 


27 


supplies. In this investigation an attempt is made to find what 
influence the price factor has upon the other variables. It is the 
price obtainable for the milk that, to a large extent, determines 
the limit to which it is financially sound to intensify production. 
A comparatively high price per gallon may leave a bigger profit 
when cost of production is above the possible minimum. It is of 
interest, therefore, to know if a relatively high price for milk is, 
on the average, associated with comparatively intensive produc- 
tion. The correlation between cost per cow and price per gallon 
in the groups is as follows : 

I, r — 4 * .73; II, r = -f- .53; III, r = + .46. 

It is, in general, the farmers who receive the highest prices 
for their milk that incur the heaviest expenditure on the herd. 
This outlay, in excess of the average, is justified when the 
increase in yield multiplied by the price per gallon exceeds it. 
Again, is has been shown that with increases in the cost per cow, 
yields go up at a slower rate. Intensifying production in this 
way would be sound business if a sufficiently high price is obtain- 
able for milk so that the value of the additional output is raised 
above its cost of production. The relationship between cost per 


PRICE PER 
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gallon and price per gallon is indicated by the following 
coefficients of correlation : 

I, r = -f- .56; II, r — + .46; III, r = -f- .57. 

It is apparent, therefore, that some farmers are working in 
the region of diminishing physical returns; the outlay on the 
herds is comparatively heavy where relatively high prices are 
obtainable for milk. Under some conditions this proceduije is 
justified by the revenue obtained. 



From the diagrams it is seen that the cases cluster together 
somewhat ; but the two factors show a definite tendency to vary 
directly. The economy of milk production although based upon 
the physical relationships involved must be examined in the light 
of all the important factors in play. The inclusion of the price 
element as a variable in the study has shown that it influences 
the whole problem to a high degree. A farmer investigating 
the business aspects of this system of farming is ultimately 
interested in the profits from the herd, and it is apparent that 
this objective is attained more fully in cases where a relatively 
high price for milk is obtained, by comparatively heavy 
expenditure on the animals. 




FARMERS’ COST OF MILK DELIVERY 
IN WALES. 


By J. Prybe Howell, M.Sc., 

University College, Aberystwyth. 


A record of the time required daily for the hauling of milk, 
the kind of vehicle used and other data for computing the cost 
of the distribution of milk, was obtained for forty-six farms in 
the counties of Denbigh, Merioneth, Flint, Cardigan, Brecon, 
Pembroke, Carmarthen and Monmouth. The information was 
given in monthly records by the farmers concerned. The farms 
are situated within a range of from less than one-quarter to three 
miles distance from the nearest railway station, milk depot, or 
town to which the milk is delivered. Delivery was made by horse 
or by motor, and as horses and motors are generally used to some 
extent for other purposes, only a part of the expenses pf upkeep 
have been allocated to the cost of delivery of milk. This propor- 
tion has been determined according to the time the horses or 
cars are used for delivery and the extent to which they are used 
for other work. Thus, if only one hour is spent in delivery, a 
greater proportion of the cost of upkeep must be allocated to the 
milk than one hour daily if the horse or car is kept mainly for 
that purpose. In assessing the cost of horse labour not less than 
one-quarter of the time of any horse engaged has been charged 
to the milk account. Where the milk is retailed, the question of 
horse labour is somewhat more simple, as the horses engaged are 
fairly fully employed on this work. The total cost of upkeep of 
horses was assessed by the farmer, and the figure given has been 
accepted, and similarly with motors. But only the due propor- 
tion of the total costs of keep of horses or running motors and 
depreciation of horses or vehicles have been charged to milk. 
Depreciation on horse equipment has been allowed at the rate of 
10 per cent, and on motors at 20 per cent. In the case of churns, 
cans, measures, etc., full depreciation has been allowed. The 
interest on capital proportion is also included, but alternative 
costs not including interest are given. 

Of the forty farms supplying the wholesale milk trade, 
eighteen of these incurred rail charges and the remainder delivered 
locally. Six farms only were concerned with the retailing of milk, 
and delivery was made by horse with one exception, where a 
motor was used. 

The transport and delivery costs have been set out under 
four divisions. 
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(a) Cost of wholesale delivery, including rail charges. 

(b) Transport costs (excluding rail charges) where all the 
milk is sold wholesale. 

(c) Transport costs (excluding rail charges) for farms supply- 
ing mainly wholesale but with some retail trade. 

(d) Transport costs of milk retailed by producers with some 
wholesale trade. 

(a) Some of the farmers who rail milk send it to the industrial 
areas within the Principality, others send over the borders into the 
English counties and there are a few who supply the London 
market. The distance the milk is transported varies according 
to the town or district to which the milk is sent and the station 
from which it is railed. Although there are a few that rail 
the milk over distances of one hundred and even over the 150 
miles limit, by far the greater quantity, however, is sent by rail 
over distances within the 20-75 miles limit. The usual charge 
made by the railway companies for milk sent above twenty and 
up to fifty miles is 1.15d. per gallon, and above fifty and up to 
seventy-five miles is 1.45d. per gallon, for a minimum quantity 
of ten gallons. This rate is for conveyance at ‘‘ owner’s risk.” 
The average rail charges for the farms under consideration 
is l.Sdd. per gallon and the costs, therefore, lie somewhere 
between the above mentioned railway rates. The lowest cost is 
for a delivery of 13,620 gallons at a rate of 0.90d. per gallon and 
the highest cost is for delivery of 8,725 gallons at a rate of 2.30d. 
per gallon. In the latter case the milk was railed a distance of 
about 230 miles. The total cost of distribution, including rail 
charges, range from 1 .23d. to 8.29d. per gallon. The total costs 
on individual farms, together with separate costs for rail charges, 
are given in Table I. 

A total of about 240,000 gallons or a little over 13,000 gallons 
per farm showed total delivery charges of nearly 2d. (l«96d.) per 
gallon, Ijd. for rail charges and about |d. (0.63d.) for delivery 
to station. 

(b) Information is available for twenty-one cases of wholesale 
delivery costs where no retailing is done. Nine of these incurred 
rail charges, otherwise the milk was delivered locally either to 
shop of retailer, creamery, milk depot, hospital or public insti- 
tutions. The method of delivery was by horse and float. Without 
rail charges the general range of costs is between 0.27d. and 1.12d. 
per gallon. The lowest cost is found on a farm situated a com- 
paratively short distance from the creamery and delivering about 
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86 gallons per day. The highest cost is found on a farm using 
two horses for deliveries of about 72 gallons per day. This farm 
is situated about SJ miles from the railway station to which the 
milk is delivered. The average cost for all the farms is 0.60d. per 
gallon for an average annual delivery of 11,704 gallons per farm. 



The costs (excluding rail charges) for the individual farms 
arc given in Table II. The average cost for local wholesale 
delivery is approximately the same as for delivery from farm to 
station. 
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TABLE II. 


Cost of delivery (all wholesale). 
Horse vehicles. 


Delivered 

wholesale. 

Total 

co»t. 

Cost ftcr gallon. 

Including 

interest. 

Less 

interest. 

Gallons. 

£ s. d. 

Pence. 

Pence. 

1L918 

36 16 3 

0.74 

0.69 

7,245 

24. 5 10 

0.80 

0.75 

10,690 

20 3 5 

0.45 

0.42 

9,666 

38 3 6 

0.95 

0.90 

7,075 

81 15 8 

1.08 

0.96 

7,655 

17 18 11 

0.56 

0.55 

13,757 

84 4 1 

0.59 

0.58 

11,687 

31 17 7 

0.65 

0.64 

12,315 

15 8 6 

0.29 

0.28 

10,186 

36 1 9 

0.85 

0.88 

11,609 

18 2 0 

0.87 

0.35 

15,525 

20 4 11 

0.81 

0.30 

7,811 

19 3 0 

0.58 

0.57 

12,671 

20 1 2 

0.37 

0.36 

26,887 

123 14 11 

1.12 

1.10 

8,725 

21 18 11 

0.60 

0.58 

12,039 

85 15 5 

0.71 

0.71 

13,122 

15 0 10 

0.27 

0.26 

15,470 

20 4 11 

0.31 

0.81 

12,231 

18 2 8 

0.35 

0.84 

8,107 

16 10 8 

0.49 

0.48 


From the summary of the costs it will be seen that manual 
labour accounts for 58.4 per cent., upkeep of horses with deprecia- 
tion on equipment 38.1 y er cent., and interest on capital 3.5 per 
cent, of the total costs. 


Summary of total costs. 



Cost of keeping:, with depreciation on 
equipment 

Manual labour 

Interest on capital 

1 

Horses 
{SI Janus). 

Per cent, 
to total. 


£ s. d. 

285 1 5 

860 8 3 

19 19 10 

Per cent. 

1 

88.1 1 

58.4 I 

8.5 

■ 

Total charges 

615 9 6 

100.0 

I 


Total gallonage 

245.791 



Cost per gallon 

0.60d. 

i 



(c) In the nineteen cases where a small amount of retailing 
is carried on with the main system of supplying milk in whole- 
sale quantities, fifteen showed delivery by horse and float and 
four delivered by motor. Five of them incurred rail charges, but 
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cost of rail transport is not included in the results given in 
Table III. 

With regard to the retail delivery, small quantities are sold 
at the farm house door and in others small quantities are delivered 
to one or two retail customers living near the farms. In other 
cases the retailing of milk consists in supplying hotels or boarding 
houses. No attempt was made to ascertain the cost of selling 
milk retail at the door or even the delivery of small quantities to 
one or two customers. In some cases no costs in the form of 

i 
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** 

6 

Delivered 
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retail. 

Gallons. 

14 

96 

366 

73(> 

288 

737 

1,172 

78 

347 

241 

209 

132 

201 

230 

868 
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939 

358 

1,344 
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actual expenditure are incurred, although someone must take the 
trouble to sell at the door or to deliver. The quantities retailed 
and the proportion of retail sales to total deliveries are shown in 
Table III. 

The summary which follows indicates lower costs than those 

c 
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found for the farms catering entirely for the wholesale milk trade. 
Excluding the retail milk the cost where horses are used is 0 38d., 
and where motors are used 0.90d. per gallon. 

Summary of tot^l costs. 



Iloracs. 

Per cent. 

Motors 

Per cent. 


{Jfi farms). 

to total. 

(4 farms). 

to total. 


£ s. d. 

Per cent. 

£ s. d. 

Per cent. 

Cost of keeping (or 





running), with de- 





preciation on equip- 





ment and repairs ... 

107 16 10 

28.6 

120 2 8 

55.6 

Manual labour 

2.57 13 1(» 

68.2 

72 14 10 

88.7 

Interest on capital ... 

12 2 2 

8.2 

23 2 0 

10.7 

Total charges 

377 12 10 

100.0 

215 19 6 

100.0 

Total gallonage 

236 

,193 

57,452 

Cost per gallon 

0.38d. 

0.90d. 


The differences between costs here and those given in Table II 
arise from the heavier deliveries and the shorter distances the 
milk has to be hauled. In Table II the average annual ^^holesale 
delivery for twenty-one farms using horses is 11,704 gallons, while 
for the fifteen farms (Table III) the average annual wholesale 
delivery is 15,455 gallons per farm. Of the farms using motors 
the four cases in Table III had an average annual wholesale 
delivery of 14,868 gallons per farm, and the milk was delivered at 
an average cost of ().90d. per gallon. 

For the farms using horses, manual labour represents 

68.2 per cent, of the total costs, cost of upkeep of horses with 
depreciation and repairs 28.6 per cent, and interest on capital 

8.2 per cent. Thus, manual labour charges constitute a higher 
proportion of the costs than for the farms (Table II) where all the 
milk is destined for the wholesale milk trade. Where motors are 
used, the labour charges are less and represent only 88.7 per cent, 
of the total costs, while the cost of running the cars with deprecia- 
tion and repairs is 55.6 per cent, and interest on capital 10.7 per 
cent. 

Delivery costs will to some extent depend on the distances 
the milk has to be transported and on the character of the roads. 
It is, however, important to note that the quantity of rnillf carted 
has also a considerable influence on the cost of delivery. The 
figures that follow indicate the tendencies in that direction. 

It will be seen from Tables II and III that for the farms 
using horses for the delivery of milk that the range of costs is 
from O.X6d. to 1.12d. per gallon. This amounts to a variation of 
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0.96d. per gallon. The average quantity of milk delivered per 
farm was 18,388 gallons and a variation in the cost of 0.96d. per 
gallon represents a sum of about £54 for each farm per annum. 
The question is, would it be possible for the farmer, by improving 
his method of delivery of milk, to reduce this sum. It is, how- 
ever, fully recognised that the expenses incurred in the hauling 
of milk do not depend entirely on the organising ability of the 
farmer. The distance the milk has to be hauled, the steepness 
and the character of the roads, are factors which lie beyond the 


Cost of delivery (all wholesale). Table II. 


S nmhcr of 
far mu. 

A rvragc annual 
irholenah^ delivery. 

A verage cost 
per gallon. 


(ijillons. 

Pcrire. 

7 


0.72 

7 

ll,i65 

0.58 

7 

15,607 

0.54 


Cost of delivery (with some retail) . Table 111. 


yund^cr of 
farms. 

Average annual 
irholesale delivery. 

*1 verage eost 
per gallon. 


(iallons. 

Pence. 

6 

9.2U 1 

0.76 

6 

11,939 

0.45 

7 

23,800 

0.10 


farmer’s control. It has been shown that the quantity carried 
exerts a considerable influence on the costs and it is in this direc- 
tion that the farmer may be able to improve his methods. Collec- 
tive delivery of milk has in some parts of Wales proved practical. 
Producers join together and each one in his turn delivers the milk 
for the entire group. This works quite well where the daily pro- 
duction is small enough, so that one man can handle the output. 
To what extent this method could be developed in other areas 
depends on the quantity of milk to be delivered and to what 
extent farmers would be prepared to co-operate with one another 
in the delivery of milk. At any rate, it does suggest one method 
by which a reduction in the delivery costs would be secured. 

(d) There are only six cases in which costs of retail delivery 
are available, and these are ; — 
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( 1 ) Farm adjoining town. 




Average daily 


Retail delivery. 

delivery. 


Cost per gallon. 

Gallons (appro.r.,. 


Pence. 


Ist year 

3.62 

28 

2ntl year 

2..50 

42 

3rd year 

2.08 

51 

«■ 

(2) Farm. 2^ miles from seaside town. 

1st year 

2.82 

30 

211(1 year 

3.00 

28 

(3) Upland, farm 4- miles from quarrying toxen. 

1st year 

4.98 

29 


Farm No, (1), for which costs have been obtained for three 
years in succession, produces Grade A milk. It is situated on the 
outskirts of the town in which the milk is retailed, and for that 
reason very little time is spent on the road before delivery starts. 
Practically all the milk is sold in bottles and this reduces the 
labour in delivery, as no time is lost in measuring out supplies 
to customers. The cost of delivery from this farm has decreased 
from 3.62d. in the first year to 2.08d. in the third year. This 
reduction in the costs is due to an increase in the quantity of 
milk delivered and to an increase in the number of customers 
requiring fairly large supplies of milk. The average daily delivery 
has increased from twenty-eight gallons in the first year to fifty- 
one gallons in the third year. Over the three year period the 
average retail delivery cost is 2.59d. per gallon. 

As compared with Farm No. (1) the costs are slightly higher 
on Farm No. (2), the average cost of delivery for the two years 
being 2.91d. per gallon. In this case the milk has to be hauled 
2^ miles and the quantity delivered is very much less than on 
Farm No. (1). 

The highest cost (4.98d. per gallon) is on Farm No. (8), 
where delivery is made by motor and the milk hauled a distance 
of four miles. 

The costs for the individual farms are given in Table IV. 

The costs range from 2.08d. per gallon for a daily delivery of 
fifty-one gallons by horse and float to 4i.98d. per gallon where an 
average of twenty-seven gallons is delivered daily by motor. It 
is thus seen that the distribution costs per gallon incurred by 
these producer-retailers are on the whole comparatively low. The 
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summary of the total costs are given below, where it is shown 
that manual labour constitutes the heaviest item of cost. 


Summary of retail costs. 




Per cent. 


Per cent. 


Horses 

to 

Motor 

to 


(5 farms). 

total. 

{1 farm). 

total. 


£ s. d. 

Per cent. 

£ s. <1. 

Per cent. 

Cost of keeping (or 





running) with de- 





preciation on equip- 





inent and repairs ... 

162 16 9 

22.,3 

93 14 8 

4.3.2 

Manual labour 

898 18 a 

5i.;> 

111 12 5 

51.5 

Caps, bottles, cans, 





etc. 

1;>7 5 6 

21.5 

.3 0 0 

1.3 

Interest on ('apital ... 

11 16 6 

1.7 

8 8 0 

4.0 

Total charges 

7.30 17 0 

100.0 

216 15 1 

100.0 

'rotal gallonage 

6.3,177 

10, 

437 

(’ost per gallon 

2.69d. 

1.98d. 
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The average daily delivery for the six cases is approximately 
thirty-five gallons, and the average retail cost is 8*0d. per gallon. 
Of this, manual labour represents 1.02d. or approximately 
54 per cent, of the total costs. The average costs for the five 
cases delivering by horse and float is 2.69d. and for the one case 
delivering by motor is 4.98d. per gallon. 

The average costs for the whole of the groups, together with 
the results obtained in a previous investigation,^ are herewith 
stated. 

Average cost per gallon. 



aliidy, ! 

i 

1 

/hr r f oils 

ntudy. 




PeiK-e. 



Pence, 

Wholesale 

Horses 

{»«) 

0.49 

Horses 

(18) 

0.86 

delivery 

Motors 

(*) 

0.90 

Motors 

(6) 

1.18 

Total 

(40) 

0.54 

Total 

(24) 

0.94 

Retail 

Horse.s 

(5) 

2.69 

Horses 

(28) 

4.70 

delivery 

Motors 

(1) 

4.98 

Motor 


Total 

(6) 

•s.oo 

Cycle 
Trucks or 

(1) 

6.50 






Cans 

(8) 

4.00 





Total 

(32) 

4^0 


The results for the two studies show a very wide range of 
costs and this is only in accordance to expectation, as the cost 
of hauling milk by individual farmers will vary according to the 
size of load, distance and condition of the roads. But both studies 
have shown that transport costs are to some extent within the 
control of the farmer and that journeys for the delivery of small 
quantities of milk entail high expenses per gallon. Where the 
margin of profit is small any method of reducing cost of hauling 
or of rail transport may make a considerable difference to the 
net return to the farmer. 


SOME ASPECTS OF CONSUMPTION, 
SUPPLIES, AND PRICES OF TOMATOES 
AND CUCUMBERS. 

By J. Llefelys Davies, M.Sc., 

University College, Aberystwyth. 

There is scarcely anything more remarkable in the recent 
history of the dietary of the British people than the rise in 
importance of salad fruits and vegetables. The cucumber has 

t Pryse Howell and Meredith. Farmers’ Costs of Milk Delivery in 
Wales. WeMi Jotim. Agr., Vol, III, 192T. 
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long been known and commonly used for food in Europe and the 
East : its cultivation is both ancient and widespread. It was 
supposed to have been introduced, or possibly re-introduced, into 
England in 1578 ; but as the cowcumber — a name even 
recently used in rural districts and commonly regarded as a 
solecism — it is described in literature of that century. Besides 
being eaten it was also used for decorative purposes, probably in 
its ripe form. By the 18th century it was commonly grown for 
sale in market gardens near London. At this time the plant was 
grown both under protection by mild forcing and in the open air ; 
and both these systems of production continued until towards the 
end of the 19th century. Between 1860 and 1880 there was very 
considerable commercial production, near Ix>ndon, and near 
Sandy in Bedfordshire, and St. Neots, Huntingdon. Open-air 
production near London was declining in the early ’seventies, 
and the main part of the crop was grown in frames on hot-beds 
and in houses. Some of the houses were of the span-roofed type 
now common, but others were long, narrow, lean-to hot-houses 
against low-brick walls, 60 to 70 feet long and 8 to 10 feet wide. 
Through the roof being so very low headroom was gained by 
a sunken pathway along the middle, several feet deeper than the 
floor level. On each side of the pathways, and extending the 
whole length of the houses, are wooden troughs 8 feet wide and 
9 or 10 inches deep, with perforated bottoms.” The heating 
apparatus was primitive ‘‘ consisting of a row of earthenware 
pipes running all round the house, forming a flue which supplies 
both top and bottom heat to the plants. This flue is placed 
close under the troughs that contain the roots.” Considerable 
success was attained with even more primitive structures, but 
towards 1880 the men with the span-roofed houses ‘‘ were 
enabled to send a supply to market at every season of the year.” 
Yet outdoor production still continued and it was said that the 
Bedford and Huntingdon growers sent 500 to 600 tons per week 
to London during the season, but the outdoor must have been 
a comparatively short season. 

Production has since increased, but the outdoor growing of 
the salad cucumber has now nearly disappeared. The character- 
istic salad fruit has long been a glasshouse product. 

The estimated production of cucumbers, according to the 
Report on Agricultural Output, was 877,000 cwts. in 1925 and 
there is evidence that home production is increasing. Unfor- 
tunately accurate statistics of imports of cucumbers into this 
country are not available, because they are not separately 
enumerated in the Trade Returns. The principal source of 
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imports, however, are the Netherlands, and the following total 
figures give the Netherlands’ exports of fresh cucumbers into this 
country in recent years* 



Quantity, 

Value. 


Tons. 

£000 

1929 

2,214 

33 

1930 

2,608 

40 

1931 

2,749 

46 

1932 

1,143 

26 


These imports, however, only form a comparatively small 
proportion of the total consumed, and the great part of the total 
supplies are home produced. An estimate of the consumption of 
cucumbers would only be slightly over a pound per head. 

The rise of the tomato is far more striking than that of 
the cucumber. It was introduced early from South America but 
did not rise to importance until after 1B50. It is recorded that 
the tomato has gone through three stages of development and 
use during its production in Europe. At first the fruit was very 
small and the fruited plant was used for decorative purposes, 
and even until recently it was known as the Love Apple. The 
small fruits were also used for making sauces, mainly for flavour- 
ing, then as selection improved, varieties and strains and size 
increased, it became an article of food in both cooked and raw 
forms but its common use as a salad fruit is comparatively 
recent. Soon after the middle of the last century it was com- 
mercially grown, and more particularly after 1870 in connection 
with cucumbers in the neighbourhood of London. The tomato 
was grown as an out-door crop, first in the market gardens near 
London but also in other parts of the country and it is still so 
grown to some extent in the Vale of Evesham. Up to 1875 the 
main part of the crop seems to have been grown out of doors 
after the plants had been raised under protection, but about this 
time some specialisation of forcing was occurring. Since about 
1890, however, the main part of the commercial crop of this 
country has been grown under glass. The invention and improve- 
ment of systems of heating by the circulation of hot water, giving 
economical and effective heating under control ahd without fumes, 
made possible the modern system of glasshouse production. 

In 1877 it was said that it was not until recently that the 
merits and usefulness of the Tomato or Love Apple have been 
known,” but within the last ten years ” it has ** obtained a 
larger share of public favour than perhaps any vegetable has 
been known to do in the same short space of time.” And this 
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was at a time in which the main part of the crop seems to have 
been grown out of doors, and some of the fruit had to be picked 
green and ripened under glass. At this time imports came mainly 
from Italy, during the early part of the summer. This fruit also 
was said to be picked green, packed in sawdust, and left to 
ripen in transit and store ; but some imports were obtained from 
other countries. Even the canned ’’ tomato assisted the 
general development of public taste for the fruit. By 1875 there 
was an important canning industry in U.S.A. and considerable 
areas were grown in the states of New York and New Jersey for 
canning purposes. Of this product it was said : ‘‘ Of all the 
tomatoes imported into this country none are comparable with 
the canned fruit of American growth.^’ From about 1890, but 
more particularly from the beginning of this century, there was 
enormous increase in the trade and in the consumption of 
tomatoes in this country. Total imports in the years 1900-04 
were about 928,000 cwts., while in 1931 the total was nearly 
3 million cwts. 

Analysis of recent supplies of Tomatoes. 

Home production has been slow to develop and supplies 
for consumption in this country have come mainly from the 
Canary and Channel Islands and from Holland. The home 
supply, however, has been increasing steadily and the value of 
the output has been estimated in recent years at about £2j 
million, only slightly less than the output of cheese or wool. 
In 1981 the home supply was estimated at 1,050,000 cwts. or 
about 27 per cent, of the total consumed in this country. The 
analysis of the main commercial supply in this country in recent 
years is as follows : 


19:^9. 


I9MI 


1981. 



•• 

•w 

s 

Per cent, 
of total. 

1 

at 

© ^ 

Per rent, 
of total. 

Total 

OfJO cwts. 

Per cent, 
of total. 

English 

1 

1.050 1 

80 

1 

1,050 

27 

1,050 

1 27 

Channel Islands 

715 1 

21 

822 

21 

745 

1 20 

Dutch 

r»«.% ! 

15 

678 

17 

731 

1 19 

Canary l6!ands 

1,171 1 

1 

84 

1,859 

85 

1,296 1 

1 3i 

1 

Total 

8,471 

1 

100 

8,909 

1 

100 

3,822 

! 100 

1 
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The home crop begins to move to market in April or 
slightly earlier according to season, and the bulk of supplies 
are marketed in June and July. Production declines gradually 
and falls very low in October and November. Supplies of 
tomatoes coming into this country from the Channel Islands 
and the Canaries are grown mainly in the open and costs of 
production are naturally much lower than in this country. 
Supplies are not always directly competitive with those f|:om 
home sources. Canary supplies begin to arrive in October and 
November and continue to increase, rising to a maximum in 
April or May. Tomatoes from the Channel Islands reach this 
country only in small quantities until July and peak supplies 
arrive normally in September. Supplies from the Netherlands 
follow practically the same seasonal trend as home grown 
tomatoes. Shipments are heaviest from June to September and 
then cease altogether early in November. Tomatoes from the 
Netherlands are mainly glasshouse grown although small quan> 
tites may be grown outdoors. The Dutch supplies and to some 
extent those from the Channel Islands enter directly into com- 
petition with home supplies in so far as they are marketed during 
the same period, and heaviest home supplies and heaviest arrivals 
from Holland frequently coincide. 

The increase in consumption of tomatoes in this country is 
illustrated in the Table below showing the trend of imports. 
Unfortunately no reliable statistics are available to show the 
increase in home supplies over the same period. But the great 
increase in the area under glass in the principal tomato districts 
like the Lea Valley and Worthing districts since 1900 indicates 
that the great increase in home supplies has coincided with the 
growth of imported supplies. 


Imports of tomatoes into United Kingdom. 




Quantity. 

\ 

Total 

value. 

Value 
per lb. 

Import 9 
per capita. 




Cwts. 

000 £s. 

d. 

lbs. 



1911-13 

1,457 

1,207 

1.8 

8.6 

> 


1922 

2,820 

4,148 

8.8 

5.5 



1924 

2,438 

8,772 

8.8 

6.1 



1926 

2,802 

4,066 

8.8 

5.7 



1928 

2,805 

4,417 

8.4 

6.9 



1980 

8,052 

4,545 

3.2 

1 7.5 



1981 

2,987 

4,566 

8.8 

7.3 



1982 

2,442 

4,3,56 

3.8 

5.8 



The total consumption per head of tomatoes is estimated 
at present at slightly over 10 lbs. and about a third of this 
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total is home grown. The expansion of the industry in this 
country since 1918 has been largely induced by the increase of 
demand for tomatoes and the consequent profitable level of prices. 
Up to quite recently there were no official quotations of prices 
available and those quoted in the Diagram are Covent Garden 
prices published weekly in the Fruit Grower.’^ 

DIAGRAM 1. 

Market Prices of English tomatoes, 1926-31. 

(Shillings per 12 lbs.). 



The weighted average yearly prices were approximately as 
follows : — 




Per dot. lbs. 


Per (loz, lbs. 


1 


s. d. 


1 s. d. 



1924 

a 0 

192S 

T) () 



192(i 

6 0 

1929 

5 8 



1927 

5 7 

19:50 

5 4 





1931 

5 5 



Price quotations for 192'? omitted because tlicy are not comparable. 


Throughout the period, prices realised by growers in most 
districts were satisfactory and although profits had fallen with 
the decline in prices from 1926, confidence was maintained and 
the industry was still expanding especially in small units on the 
outskirts of the large provincial consuming centres. 

The general course of wholesale prices is well illustrated in 
the Diagram below, which shows the Ministry of Agriculture 
Index Numbers for Tomatoes and Cucumbers and for all agricul- 
tural produce. 
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DIAGRAM 2. 

Indices of Prices of Tometoes and Cucumbers, 1906-1932, and the 
same figures weighted to the Index of General Agricultural Prices for 

the same period. 



INS|CC-S WtlCMTtO TO CCNIRAl. A^RICUkTVtAL 
PStCK INOCX NVMSCSS 



Prices of tomatoes on the whole were well maintained even 
in recent years compared with those of general agricultural prices, 
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and it is easy to understand that glasshouse production increased 
over the period to meet the rising demand. 

Seasonal variations in supplies and prices of Tomatoes. 

The cultivation of tomatoes under glass is an enterprise 
requiring intensive application of capital in the form of houses 
and equipment, and one that needs accurate technical knowledge 
and a carefully trained staff of workers. Details of knowledge 
of soil, cultivation and manuring, suitable varieties for the 
market, adequate heating of the houses, steaming and sterilisa- 
tion of the soil, and propagation of plants have partly to be 
acquired by experience of the actual conditions at the nursery. 
While a great deal of general knowledge or information is avail- 
able, practices in each individual nursery differ according to 
special technical circumstances and the special requirements of 
the market and the policy followed by different managers. 

One of the principal features of the home grown crop is the 
seasonality of production. In most areas supplies begin to move 
to market in April and increase to a maximum in June or July, 
to fall off gradually and cease in October or November. But 
seasonality varies in different nurseries. Some growers make an 
effort to obtain a high proportion of early supplies at relatively 
high prices while perhaps reducing the total yield of crop. 
Others aim at a high total yield although the bulk of supplies 
may be marketed in mid- and late summer when prices have 
reached a low level. The distribution of total supplies in the 
principal tomato areas in England for 1929 and 1980 is set out 
in the Table below along with the distribution shown by a 
prominent nursery in the Lea Valley for the same years and 
for the period 1926-80. 


Monthly distribution of homo-grown tomatoes. 



Estimated 
total 
English 
tomatoes y 
19^9-^30. 

Lea Valley 
y urserv^ 
19^9-^30. 

Lea Valley 
Nursery, 
19Se^30, 


Per cent. 

Per cent. 

Per cent. 

May 

6.6 

7.0 

7.4 

June 

1 25.8 

40.0 

35.2 

July 

1 29.0 

28.2 

28.8 

August 

1 17,0 

14.2 

15.4 

September 

11.6 

11.8 


October 

6.7 

8.8 


November 

3.3 

— 

1.2 


The peak of total English supplies occurred in July in both 
years whereas the highest supplies from the Lea Valley nursery 
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were marketed in June. The distribution of the crop, however, 
varies slightly from year to year although the trend in general 
is fairly constant. In this particular nursery the June output 
for 1929 and 1980 amount^ to about two-fifths of the crop. 
The actual proportions of the crop marketed in May, June and 
July in each year of the period 1926-80 were as follows : 


Per cent, of total quantities sold. 



May. 

June, 

July, 

"Total, 

three 

months. 

1926 

7.6 

28.6 

28.3 

64.5 

1927 

10.9 

38.5 

2 (J.l 

69.5 

1928 

4.2 

29.7 

21.8 

. 58.7 

1929 

6.3 

38.0 

24.3 

68.6 

1930 

8.0 

42.4 

21.7 

72.1 


Small quantities of tomatoes were marketed in two years in 
the last week of April, but the amounts were too small to be 
included in the statement of monthly distribution. Other 
English supplies normally enter the market about thd second 
week in April, but quantities remain small until the beginning 
of May. 

Prices of English tomatoes rule high in the opening months 
of the season and as supplies increase, prices decline, at first 

DIAGRAM 3. 

Seasonal variations in supplies and prices of home-grown tomatoes, 

1926-31. 
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gradually and then rapidly to a low level towards the end of 
July and during August. Prices realised in the month of April 
and early May are luxury prices and they vary considerably from 
centre to centre. As the season progresses and supplies increase, 
prices decline and normal home grown supplies enter into com- 
petition with supplies from overseas. The seasonal variation in 
wholesale prices of home grown tomatoes is illustrated in the 
Diagram using Covent Garden weekly quotations of prices and 
actual prices received weekly by a Lea Valley grower. 

The Diagram illustrates the familiar phenomena of heavy 
supplies and low prices and lighter supplies and higher prices. 
The information examined here relating to the Lea Valley 
nursery shows that this grower has been able to market the crop 
reasonably early and to obtain better average returns than arc 
indicated for the home grown crop as a whole. But the problem 
set to any grower by this extreme variation of supplies and prices 
is a difficult one and it can only be solved by growers individually 
by close study of their own circumstances at the nursery in rela- 
tion to conditions in the market which they supply. 

The actual variations in cash received for tomatoes at this 
nursery for the period 1926-80 are shown by the following figures 
of total monthly receipts. 



Quantitp 
HtrtkcH 
{12 lbs,). 

Total 
cash . 

A reraifc 
price 

per strike. 



£ s. 

d. 

s. d. 

April 

11 

6 12 

0 

12 0 

May 

2,3T4 

1,142 9 

3 

9 7 

.luiuf 

12,895 

4,377 12 

0 

7 1 

July 

8,3.59 

2,173 8 

9 

5 2 

Aiifrust 

,5,332 

934 15 

11 

3 6 

September 

4,158 

.50T 2 

7 

2 4 

October 

1,785 

221 9 

4 

2 6 

November 

433 

51 10 

0 

2 44 



.£9,411 19 

10 



Operations were fairly profitable in 1926, 1927, 1928 and 
1929, but receipts declined somewhat in 1930 and declined still 
further in 1981. Costs, however, have been adjusted to some 
extent and although profits have been made they have been 
barely sufiicient to pay a reasonable salary for management after 
allowing interest on capital. The nursery is managed efficiently 
and the soil is quite new and all the equipment is in good condi- 
tion and suitable for the purposes. Yields have been heavy 
and fairly consistent, making an average of over forty tons of 
produce to the acre over the period. But experience at the 
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nursery and the examination of the main economic features of 
its operation over this period indicates clearly the difficulties 
that have to be solved by the management if profits are to be 
earned 9 even though a high normal yield of produce is fairly 
easily obtainable. 

The effect of the distribution of the marketable produce 
over the season on the actual receipts of the nursery is well 
illustrated in Diagram 4, where the weekly marketings of two 
adjacent nurseries are compared. The curve of average price 
has been included weekly so that the opposite movements of 
supplies and prices may be compared. The two nurseries are 
operated in the same district and served the same market and 
the cash receipts over the season in ‘‘ A was £582 and in B 
£589 for almost equal quantities of produce. 

DIAGRAM 4. 

Trend of supplies in two nurseries. 


PCS CENT PENCE 

SALES. 



The diagram shows clearly the high concentration of supplies 
from B ** during July, when the price had dropped to a fairly 
low level as compared with the earlier disposal and more even 
distribution of produce over June and July in A.” This is, 
of course, not entirely a question of management ; soil and situa- 
tion are important factors, and the particular variety grown also 
influences the distribution of crop. Again, some nurseries grow 
a combination of crops, which makes it more difficult if not 
impossible to take advantage of the early market for tomatoes. 

Quality of Produce. 

As with all farm and garden crops the quality of tomatoes 
supplied to the market is one of the principal factors determining 
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the price received by the grower. Quality is decided partly by 
the variety grown, the general cultivation, heating of houses, 
manuring of the plants and the grading and packing of the 
produce for the market. Quality in tomatoes covers size, flavour 
a.^ condition, and the grower has to pay as much attention to 
these features after the crop is ripe as to the general technique 
of production. On the central markets, special grades of 
tomatoes are recognised and most growers pack to these designa> 
tions. But grading varies in each individual nursery and the 
variation in quality within grades is reflected in the prices paid 
to growers. The quality of the produce in every nursery varies 
from month to month as the season proceeds and average prices 
received are influenced partly by this common feature. 

The analysis of the grade returns for the Lea Valley nursery 
selling all the produce in Covent Garden for the period 1926>80 
provides interesting information. 


Analysis of yields and values of tomatoes by grades. 
(Covent Garden grades). 


(iradett in order 
of quality. 

Per cent, 
of total 
quantity. 

Per cent, 
of total 
cai^h receiptn. 

Average 

price 

per strike. 

Fink and White ... 1 

... 

41.9 

8. d. 

6 4 

Pink and White X 

25.7 

27.5 

5 9 

Blue 

T.f) 

7.4 

5 4 

White 

tB.2 

15.9 

4 9 

Blue and White 

5.] 

2.0 

2 1^ 

Miscellaneous 

7.8 

5.;i 

3 9 

Total 

100.0 

lOO.U 

5 5 


Strict grading and standardisation of grades by each packer 
facilitates handling at the market and results in higher prices 
for produce. The quality of tomatoes grown at this nursery 
is of a high order and the management pay particular attention 
to the display of the produce to the best advantage by good 
packing and careful grading. The variations in prices received 
for the different grades over this period as shown in the above 
Table indicate clearly the effect of high quality produce and 
strict grading on the total cash receipts from the crop. 

Quality,” however, has no absolute meaning. It is 
definitely related to consumers’ preferences. The demand for 
tomatoes has varied considerably from district to district. But 
the definition of quality at present varies only in regard to size 
of fruit, and there is some evidence that demand is gradually 
becoming more uniform throughout the country. 

D 
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In this nursery 61.4 per cent, of the total produce over the 
period was placed in the two best grades and these accounted 
for nearly 70 per cent, of the gross receipts. 

The quality distribution of the tomato crop varies slightly 
as the season advances. The best quality produce is picked in 
the peak months of the season and the bigger size fruit and the 
cruder sorts towards the close. The Table below shows the 
monthly distribution of supplies into grades for the period 
1926-80 for the Lea Valley nursery. 


Percentage monthly distribution of grades, 1926*30. 


Month. 

Os* 

H 

cC 

0 

a 

5 

White. 

si 

Miscel- 

laneous. 

Total. 

April 

‘27.;i 

27.3 


27.;) 

9.1 


100 

May 

n:iA 

1 27.1 

16.0 1 

i:4.6 

2.8 

5.1 

UK) 

June 

40.4 

2H.0 

S.4 

^3.G 

3.3 

6.6 

1(X) 

July 

35.7 

23.0 

(i.3 

20..5 

5.3 

9.2 

\00 

August 

3Lo 

1 22.7 

6.7 1 

20.8 

5,4 

9.9 

100 

September 

1 ao.fj 

28.7 

4.1 1 

23.2 

6.8 

6.7 

100 

October ... 

' 24.9 

24.2 

7.3 

2‘i.3 

11.1 

8.2 

,100 

November 

lo.O 

19.9 

4.2 

26..> 

15.2 i 

1 

19.2 

100 


Comparatively heavy supplies of the lower grades of produce 
appear in the months of October and November when total 
quantities are relatively light and the general clearing up for 
the season occurs. The general standards of grading and packing 
of tomatoes in this country are by no means all that could be 
desired. Fruit is packed frequently in an over ripe condition 
and on many nurseries there is little success in standardisation 
of grade designations from week to week and from season to 
season. There are organisations in the industry which are help- 
ing to fix and describe standards and to interest growers in the 
importance of good grading and packing. Lately the National 
Mark Scheme for tomatoes has defined grades and standards 
which are acceptable to the trade and it is to be hoped that 
this will lead to greater attention being given to this end of the 
producers’ tasks.^ 


Cucumbers: Supplies and Prices. 

In a large number of nurseries, notably in the Lea Valley, 
cucumbers are grown along with tomatoes. In some nurseries 
they are the principal crop while in others both tomatoes and 

1 For a description of qualities, packs, etc., see Report on Preparation 
of Fruit for Market, Ministry of Agriculture Economic Series, No. 24, 
pp. 67-74; and Ministry of Agriculture Marketing Leaflet, No. 10. 
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cucumbers are of equal importance, being frequently grown in the 
same houses in alternate seasons. The tendency in the Lea 
Valley area in quite recent years has been to grow more 
cucumbers and less tomatoes, on account of very severe competi- 
tion in the market for tomatoes and consequent low prices for 
bulk supplies. During the last ten years production of cucumbers 
has increased considerably in this country, but there is no actual 
record of the increase in home supplies. Imports of cucumbers 
come mainly from the Netherlands, but as was shown above, 
these only form a comparatively small proportion of total 
supplies. 

The Table showing seasonal distribution of these imported 
supplies, however, is interesting for comparison with similar data 
of home production. 

Exports of cucumbers from Netherlands to Great Britain. 


IDJIK IfVW. ; 



s 



i 

"c 

- 




'Ions'. 

.mH) 

'Pons. 

£000 

'pons. 

£000 

Man*h 

(9 

\ 

21(» 

12 

203 

9 

April 

02 


16.5 

6 

362 

M 

May 

•JJ 

1 

120 i 

! 3 

120 ! 

! 3 

June 

.'):u 

h\ 

I 72:1 

i 10 

i 691 i 

10 

July 

791 ! 

s 

I S3:) i 

6 

s:)0 

1 

\iij2:ust 

.V22 1 

1 -t 

371 ! 

2 

3S0 

' 2 

September 

102 ! 

1 

137 ! 

1 

137 

1 

October ... 

26 1 

i 


17 

I 

— 

1 3 


'lotal 

i 

a.2H 1 

1 

;i:t 

I 

2JJ0S 

1 (0 

1 

2.719 1 

1 

4fi 

1 


Imports commence early in March and cease almost entirely 
towards the end of October, and the import season coincides 
with that for the home grown crop. The peak of home grown 
supplies, however, occurrs in May and precedes by a month 
or more the peak for imported supplies. 

The course of prices for home grown cucumbers have 
followed fairly closely the trend outlined above for tomatoes, 
but published market prices are not available for any 
continuous period to enable a close study to be made of the 
trend of price movements. Information from the Lea Valley 
nursery throws light on some features of the home crop in 
recent years. 
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Monthly tappliM and pricos* 

The cucumber season begins about one month earlier than 
that for tomatoes. Small quantities are marketed in March 
and the peak supplies appear in May. The season usually 
terminates in October or early November. The monthly varia- 
tions of supplies and prices for three recent seasons are shown in 
the following Table. 


Monthly variation of supplies and prices. Lea Valley Nursery.*' 



1928, 


19J0. 

1980, 

Average 
three years. 


^ 2 

s’o: 

as 

si "c 

E « 

SS iS 

s I 

^1(1 

E « 

K e* 

si 

El- 


1.. ^ 

(a 




fc. ^ 



c 





C 






March 

0.2 

S. 

15 

d, 

5 

1.0 

s. d. 

18 7 

0.2 

s. d. 

1« 10 

0.4 

8. d. 

17 7 

April 

ir».7 

12 

8 

21.5 

14 11 

12.9 

15 9 

16.7 

14 4 

Maj’ 

21.K 

18 

1 

26.2 

10 7 

19.4 

12 4 

22.5 

12 0 

June 

16.8 

12 

2 

1 15.7 

10 11 

16.1 

12 5 

16.2 

11 10 

July 

17.2 

10 

10 

15.5 

7 6 

11.6 

9 9 

14.8 ^ 

9 4 

August 

11.9 

11 

9 

13.9 

7 8 

16.8 

9 11 

14.2 

9 9 

September 

12.0 ! 

6 

(> 

6.0 

7 5 

14.3 

8 11 

10.8 

7 Hi 

October ... 

\A 1 
1 

7 

1 

0.2 

1 7 3 

8.7 

8 2 

4.4 

7 6 

1 


* Averaffe price per flat. 


The prices of cucumbers show an almost steady downward 
trend during the season, but the fall tends to be more rapid in 
the early than in the late months of the season. Supplies rise 
sharply after the first weeks of cutting to a peak in May, and 
then decline. The seasonal weighted averages of prices received 
for produce at this nursery may be compared with the mean of 
monthly prices. 



Seasonal weighted 
average price 
per flat. 

Mean of 
monthly prices 
per fat. 


s. d. 

8. d. 

Season 1928 

11 1 

11 li 

Season 1929 

10 7 

10 7i 

Season 1930 

11 2 

12 0 


Taking the average flat ” over the season as containing 
about 40 cucumbers, the average price received by the producer 
over the three seasons was about 8|d. each. 





Tomatoes and Cucumhers. 


58 


DIAGRAM 5. 

Seasonal ▼ariation in supplies and prices of cucumbers. 
Lea Valley Nursery. 



The actual monthly variation in cash receipts from 
cucumbers again illustrates the seasonality of production. 


Monthly cash receipts, total three years, 1928-30. 




Total cash. 

Ter cent, of total. 



£ s. (1. 



March 

35 5 10 

0.9 


April 

S75 0 -J 

21.7 


May 

910 11 a 

2.'!. 2 


June ... 

K21 2 0 

20.2 


July 

46:> 11 0 

11.0 


Aujfust 

470 1 6 1 

ll.« 


September 

9 0 



October 

i(w» h a 

2.6 


Total 

i*i,(».)2 12 6 

1(X).0 


Changes in the market position. 

The foregoing study has illustrated the general position in 
the markets and variations in supplies and prices during recent 
years, but a considerable change in the general conditions 
occurred in the autumn of 1981. Great Britain then went off 
the gold standard of foreign exchange and in so far as exchange 
rates became uncertain or the value of the £ in terms of the 
currencies of the countries from which these goods are imported 
was subject to depreciation, purchase was made more difficult 
and more expensive in terms of sterling. Then import duties 
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were imposed and have subsequently been both retained and 
increased. It is expected that on a future occasion it may be 
possible to indicate the changes in the seasonal variations in 
supplies and prices, and in the level of prices, that have resulted 
from these changes in the conditions of the import trade. But 
at present it may be said that the duty on tomatoes does not 
appear greatly to have affected general production in 1982, but 
in the autumn it was reported that considerable efforts are 
being made all over the country to increase the glass acreage 
of this crop, although the duty seems definitely less than the 
case requires.” Similarly, in the case of cucumbers the present 
information is that general production was not much affected 
in 1982, but as regards 1983 it was said that the duty will 
no doubt help on home production, particularly on the land of 
small growers with glass.” 

The changes in the import duties are outlined below : 

CustoRif duties and imported supplies. 

An import duty on fresh cucumbers was among the first 
to be imposed under the tariff policy of the present Government 
in this country. This order, dated the 24th of December, 1981, 
was made under the Horticultural Products (Emergency Customs 
Duties) Act, and provided for duty on imported cucumbers at 
the following rates : — 

March 1 — June SO (inclusive) 12/- per cwt. 

July 1 — November SO (inclusive) 8/- per cwt. 

No. 2 Order of the same Act, dated the 21st of January, 
1982, imposed a customs duty on tomatoes imported from 
foreign countries as follows : — 

June 1 — July 31 (inclusive) 2d. per lb. 

August 1 — October 31 (inclusive) Id. per lb. 

Under the Imports Duties Act, 1982, a general 10 per cent, 
ad valorem duty was imposed on all foreign imports not subject 
to exemption, with provision for “ additional ” duties by 
Treasury Order in accordance with the provisions of the Act. 
The position for 1988 is therefore, “ Such a rate of duty as will, 
with the general ad valorem duty chargeable under Section I. of 
the Import Duties Act, 1982 amount to ” 

Cu(‘umbers : from Ist March to 3()th November, 8/- per cwt. 

Tomatoes; from 1st June to 31st July (inclusive) 2d., per lb. 

from 1st Aujyust to 31st October (inclusive), id. per lb. 

The period of duty coincides fairly well with the marketing 
season of home grown produce and in the case of tomatoes it 
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is reduced to a half after the 81st July, when the peak of home 
supplies is over, and prices have reached a low seasonal point. 
These duties will affect imports of cucumbers, as supplies come 
mainly from the Netherlands, but imports of tomatoes from 
the Channel Islands are exempt so that the duties mainly affect 
Canary and Dutch supplies. The Channel Islands supplies in 
1981 were more than a quarter of the total imports and they 
arrive mainly during the season of home production. 

The effect of the duties in the first year has been to reduce 
the total imports of both these products. The total tonnage of 
cucumbers from the Netherlands in 1932 was only 1,143 as 
compared with 2,749 in 1931. Supplies in the early months from 
March to June, when prices were relatively high, were not 
seriously reduced, compared with previous years, but the figures 
for July and August, usually the peak months of supply, were 
less than a third of the usual quantity in recent years. The 
actual distribution of exports from the Netherlands in 1982 
was : — 




Tottii. 


Toriit. 



March 

201 

Julv 

2S2 



April 

210 

\u;rtist 

vr.i 



May 


Septeniher 

40 



June 

! 26(> 

lOctobor ... 

8 

1 



The quantity of tomatoes imported from the Channel 
Islands (no Customs Duties) was 822,000 cwts., an increase of 

77.000 cwts. on 1931. The Dutch supplies of tomatoes were 
considerably reduced in 1932, to 408,000 cwts., a contraction of 

268.000 cwts. compared with 1931. Total Dutch supplies in 
1982 were only 64 per cent, of the 1931 total. It is easy to 
understand that the Duties have effected a reduction in Dutch 
supplies, because they enter directly into competition with home 
produced tomatoes and the seasons coincide. In addition to the 
duty, the sterling exchange has depreciated by not less than 25 
per cent, in relation to the Dutch Gulden, thus making purchase 
more difficult. 

The normal season of imports of tomatoes from the Canary 
Islands is from October to June, and peak supplies arrive 
throughout the winter and spring months. Shipments of these 
tomatoes are therefore only affected by the duty at the begin- 
ning and the end of the season. Total imports from this source 
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amounted to 974,000 cwts., compared with 1,296,000, a reduction 
of about 25 per cent. 

The final position in 1982 is set out in the Table on a 
monthly basis. 

Imports of tomatoes, 1932.* 

000 cwU. 



Channel 

Islands, 

Dutch, 

Canary 

Islands. 

Other 

countries. 

Total. 

January ... 

U 


111,928 

898 

112,880 

February ... 

— 

— 

110,408 

61 

110,469 

March 

— 

100 

87,000 

1,089 

88,189 

April 

2,982 

566 

108,661 

94 

112,808 

May 

52,870 

12,918 

116,144 

4,617 

186,549 

June 

127,895 

46,721 

113,061 

1,367 

289,044 

July 

151,788 1 

92,521 

57,515 

556 

802,830 

August 

94,427 

189,802 

595 

938 

285,762 

September 

178,371 1 

112,805 

7(>8 

1,611 

298,550 

October ... 

190,884 i 

55.884 

4,448 1 

1,201 

258,862 

November 

16,344 

6,642 

65,928 

786 

89,695 

December 

683 

598 

198,870 

4 

199,605 

Totals 

i 

822,108 

468,557 

i 

971,806 

13,217 

2,278,688 


* From the “ Fruit Intelligence Notes published weekly by the 
Empire Marketing Board. I'he grand total figure differs slightly from that 
given in the official Board of Trade returns, but the classification above sets 
out position approximately. 


MANUAL LABOUR REQUIREMENTS OF 
LIVESTOCK ON WELSH FARMS. 

By J. Llefelys Davies, M.Sc., 

University College, Aberystwyth. 

In the discussion of agricultural topics there is frequent 
mention of the efficiency of labour in the cultivation and har- 
vesting of farm crops. New machinery and labour-saving 
devices are continually being introduced to save labour or raise 
its productivity. The trend at the moment, especially in some 
countries overseas, is towards a completely mechanised crop 
husbandry. Elaborate machines like the combine harvester are 
utilised to increase output per hour and to carry out in one 
process what formerly consisted of a series of separate processes 
entailing considerable hard labour. The march of mechanisa- 
tion has not affected the management of livestock to nearly the 
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same extent. But the milking machine ; cream separator ; bam 
machinery, and various devices for conveying feed and manure 
have certainly effected a considerable saving of manual labour 
time in livestock attendance, and eliminated a great deal of 
heavy, uninteresting, or unpleasant work. Livestock farming 
on most farms in this country, however, still demands the inti- 
mate contact and personal attention of the workers to a high 
degree. This is especially true of small stock-raising farms, 
where there is scope for but a few of the simpler mechanical 
devices. On Welsh livestock farms, members of the family 
provide the greater proportion of labour and also the intimate 
care and interest necessary with young stock. The actual 
labour time allowed is hardly considered to enter into the cost 
of production of the animals in quite the same way as rent of 
tenant farms or cost of feedstuffs, and the financial results 
of the farms are only judged by the family income available 
from the combination of enterprises. 

On smaller farms, say with less than £1,000 capital in live 
and dead stock, run mainly or wholly by family labour, the 
bulk of the income from the farm will consist of earnings of 
labour. Under nearly all circumstances a number of individual 
farms would show financial loss if labour-time were valued 
at the cost of wage-paid farm labour, or at the estimated value 
of the labour-time if engaged in another industry ; and in periods 
of economic depression many farms would show such loss 
Where, as in some cases, manual labour is the largest single 
factor in production (the highest individual item of cost) the 
value of the labour may be said to be that of the residuum of 
the value of the product after all actual expenses and depre- 
ciations have been met. Although there is danger in this 
method of computation of the value of labour, and although 
there should be comparison of such value with the value in an 
alternative occupation, or a comparison of such value with the 
cost of wage-paid labour, there cannot be any doubt that some 
family labour is given to livestock without immediate counting 
of cost or value. Sometimes there is no immediate alternative 
use for such labour and consequently no immediate alternative 
value. Failure to use labour may reduce the total income of the 
farm, although it may raise the rate of earnings per hour of 
labour used. 

Thus it may be that more labour is used on a given number 
of stock than would otherwise be the case if the farm were 
larger or carried more stock. This use of additional labour 
may take the form of more extensive application of labour — 
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that is, use of more labour in good forms and by good methods ; 
or it may take the form of some waste of labour — that is use 
of labour in poor forms or by poor methods. Very intimate or 
detailed care and attention to young stock may not be waste 
of labour, although after a certain point is reached it yields 
only a low return, unless there is a possible alternative use which 
would be more profitable. But continued use of daily labour 
in cleaning sheds, &c., with poor floors may be a waste if a 
relatively small initial expenditure of labour on improvement 
of floors would make a substantial reduction in daily require- 
ment. Failure to lay or clear drains, to make good floors, to 
have doors or gates in good condition, to make good feeding 
arrangements, or working in semi-darkness when daylight might 
be obtained, represent types of wastage. But when there is 
no such waste high amounts of labour may still be used and 
the return per hour of labour may be relatively low. An 
illustration of the elaboration of labour leading to intensity 
of application may be found in the long continued bucket-feeding 
of calves by women on some farms, although this tends to 
to improve the quality of calves the improvement may not be 
in proportion to the extra labour given. 

The main consideration for the farmer may then be whether 
any other enterprise could be added to the farm, or whether 
one or more enterprises could be increased without diminishing 
others, or whether one or more enterprises can be increased at 
the expense of others, and the income i>er hour of labour and 
total income thereby increased. 

There are difficult questions but there cannot be any doubt 
on these points : — 

(1) That many small farms tend to be overstocked ’’ 
with labour. 

(2) That there is some waste of labour, i.e., use in poor 
forms or by poor methods. 

(8) That there is extensive use of labour due to lack of 
alternative uses to those in which it is now applied, or due to 
insufficient consideration of alternative uses. 

A considerable proportion of the labour of attendance on 
livestock on Welsh farms is provided by the women. The care 
of poultry and the rearing and feeding of pigs is almost entirely 
undertaken by them, while much of the work of milking and 
the care of the dairy cows and calf rearing is done in addition, 
Oil the smaller farms. There is now little work for which women 
are required in the arable fields. The reaper and the self-binder 
have relieved the women of tasks of drudgery in the corn harvest, 
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and various machines for hay harvesting have done away almost 
entirely with the need of hand labour in that field. There are 
exceptions to these statements to be found on small holdings; 
but, in general, women on farms attend only to the lighter tasks 
in connection with the livestock. Even this class of work tends 
at present to be done more and more by man labour, as suitable 
woman servants become increasingly difficult to obtain in some 
districts and less women are employed on farms. 

A study of the conditions of labour organization on a group 
of sixteen Welsh mixed farms throws considerable light on the 
problems of management and use of labour on small farms, 
where there is little or no specialisation of labour for specific 
tasks, and a complex network of enterprises to be dovetailed 
in the plan of labour organization. The general results of this 
study emphasized particularly the great variety of conditions 
that are found on farms which to all outward appearances are 
fairly similar. Farms of almost equal size and with identical 
farming systems show widely different use of labour inside the 
farm organization. Some farms use labour exhaustively in 
growing arable crops while others attend more to intensive 
attendance on stock and use woman labour lavishly, and possibly 
wastefully for this purpose. Statements of the labour require- 
ments of different tasks on these holdings vary widely from 
farm to farm. Part of these variations are connected with the 
nature of the soil, and the layout of land and buildings, but 
they are mainly expressions of the variety of management or 
can be connected with the individuality of the farmer. 

In the statements of the actual labour time devoted to 
each class of stock on these farms, presented below, there is 
not and cannot be any general assessment of efficiency in labour 
management except in a very preliminary manner. Require- 
ments of stock are heavy on some farms compared with others, 
but then the type of stock produced may more than justify such 
expenditure. Only a careful analysis of the incomes on a 
comparable basis would provide the data for such assessment. 
Again, it is difficult to use strict economic tests with complex 
units such as the Welsh family farm where the home and 
the farm cannot be dissociated. On the other hand, how- 
ever, there is undoubtedly poor and wasteful management of 
labour — especially unpaid family labour, as there is much poor 
and ineffective farming in Wales, and a preliminary statement 
of the basic facts of labour organization is necessary before 
any close analysis is possible. 
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Table 1 below shows the distribution of the holdings studied 
according to total acreage, and the number of each class of 
livestock carried. 


TABLE 1. 

Acreage of farms and livestock carried. 


Farjn 

No, 

Acreage 

(cultiratcfl 

area). 

Per cent, 
grass. 

Work 

horses. 

4- 

. 

ae 

» s 

-s o 

Breeding 

ewes. 

Total 

pigs. 

— 

Total 

fowh. 

1 

48 

8.) 

3 

9 

80 

3 

106 

2 

60 

77 

4 

5 

15 

5 

44 

3 

68 

69 

3 

U 

— 

9 

98 

t 

89 

6(i 

4 

10 

— 

11 

1.53 

5 

108 

80 

4 

12 

16 

8 

213 

« 

113 

84 

3 

13 

83 

8 

55 

7 

121 

74 

5 

13 

28 

11 

90 

8 

144 

71 

6 

l.| 1 

40 

12 

113 


ur 

68 

6 


37 

13 

122 

10 

167 

82 

5 

15 j 

89 

7 

62 

11 

191 

82 

4 

21 ! 

46 

25 

UK) 

12 

196 

7(> 

7 

24 i 

22 

19 

80 

13 

320 

82 

() 

33 i 

224 

49 

75 

14* 1 

1 128 

82 

5 

19 1 

218 

9 

133 

15* i 

127 

H(> 

4 

10 1 

319 

6 

41 

1(1* j 

89 

70 

4 

i 

11 1 

j 

391 

1 

32 

J 

A \ erage j 

132 

78 1 

1 

1-5 

» 1 

— 

12 

9.*) 


* These three are highland sheep farms, and the total area, including 
rough grazings, covers 441, 455, and 507 acres respectively, 
t Including dry cows, hf’ifers in-calf, and hulls. 


The average size of the farms in the group is greater than 
than the average of all Welsh farms, but that is almost neces- 
sarily so in any study of labour conditions. Very small hold- 
ings do not lend themselves to any but the most general 
analysis of organization of labour. With a study using detail 
weekly time sheets of each worker on the farm it was necessary 
to choose fairly large holdings where the voluntary co-operation 
of the farmers was forthcoming, and the data likely to be 
sufficiently accurate and trustworthy for analysis. 

The distribution of labour time over the different farm 
departments varies from farm to farm, and a summary of this 
feature is given in Table 2 below. On the whole, however, 
nearly half the total labour time is used in attendance on live- 
stock. The actual proportion ranges from 60 per cent, on the 
smallest farm, to about 80 per cent, on a medium-sized farm 
with a heavy sheep complement. The greater part of labour on 
livestock is supplied in the winter and spring months, when the 
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cattle and horses are indoors^ and extra labour is required at 
calving and lambing time, both of which occur mainly in the 
spring on Welsh farms. The work on crops, both arable and 
grass comes mainly from March to October, when livestock are 
outdoors, and when the main tasks are milking and calf rearing, 

TABLE 11. 

Percentage distribution of manual labour time on Welsh farms. 


Farm 

No. 

Livestock 

attendance. 

Land 

work. 

General 

estahliah- 

ment 

labour. 

Miscel- 

laneous. 

Total. 

1 

60.1 


8.9 

2.0 

100 

2 

53.3 

24.2 

15.6 

6.9 

100 

8 

58.2 

31.8 

9.9 

5.1 

100 

4 

48.5 

34.8 

9.1 

7.6 

100 

5 

48.6 

36.6 

11.8 

8.0 

100 

6 

81.7 

44.3 

20.9 

8.1 

100 

7 

53.8 

26.8 

12.7 

6.7 

100 

8 

34.4 

38.6 

22.0 

5.0 i 

100 

9 

48.5 

89.0 

11.9 

5.6 

100 

10 

38.8 

37.8 

21.1 

2.8 ' 

100 

11 

47.7 

81.8 

17.3 

3.2 

100 

12 

55.0 

28.1 

11.6 1 

5.3 

100 

18 

58.9 

88.8 

10.8 

1.5 

100 

U 

52.0 

29.2 i 

13.7 

5.1 

100 

15 

49.3 

80.9 i 

15.4 

4.4 

100 

16 j 

48.1 

32.2 1 

18.8 j 

0.9 

100 

Average ... 

48.7 

83.1 

14.2 

4.0 

100 


with the ordinary routine duties in connection with pigs and 
poultry. A great part of this summer work with all classes of 
livestock except sheep is done on many farms by the women, 
and the following table showing the proportion of the total 
working time provided by the women, illustrates this point. 

TABLE 111 

Percentage of woman labour time to total. Thirteen farms. 


Farm No. 

Per cent, 
woman labour. 

Farm So. 

Per cent, 
woman labour. 

2 

35 

9 

16 

8 

29 

10 

7 

4 

18 

11 

3 

5 

7 

12 

19 

7 

31 

13 

7 

8 

14 

14 

4 



16 

19 


Average for farms under 150 acres =17 per cent. 
Average for farms over 150 acres =9 per cent. 
Average for all farms =18 per cent. 
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The data on two of the farms in the group of sixteen studied 
was not on a comparable basis on this point, while on another 
farm there was no farm work done by the women. Taking the 
average given above for the proportion of women labour time 
to total, it can be estimated that women undertake more than 
a quarter of the total work on general livestock on these farms. 
The proportion is much higher if horses are excluded from the 
complement of livestock. 

Labour requirements of Livestock Classes. 

There are many difficulties which arise in any attempt to 
measure the actual labour time used in attendance on different 
classes of livestock on small farms. In the first place the daily 
tasks are numerous, each taking a short time, and this com- 
plicates the work of recording and increases the possibilities of 
error. Secondly, the livestock on small farms is generally 
arranged in several independent sections, each housed separately, 
although belonging to the same class of stock. The cattle 
section illustrates this point. The dairy cows are generally 
separate from the young cattle, although it is impracticable to 
separate the labour on calves from that on the cows. The year- 
lings, and the two-year-olds are generally housed separately, 
and there may be several small batches of these, especially on 
farms with inadequate buildings. Much of the work of pre- 
paring food is done in common for all stock, and the time to 
be charged to each class cannot be separately measured. In 
the analysis of this data the labour time spent on each class 
of stock — horses, cattle, sheep, pigs and poultry — ^has been kept 
separate, but no distinction was possible between the different 
kinds within each class. This should be borne in mind in 
interpreting the requirements of labour time outlined below 
broadly for each class. 


Horses. 

The highest paid man on Welsh farms is generally the 
horseman, and he undertakes most of the work in attendance 
on horses. The details of this work need not be enumerated 
here, but it is important to note that, on most farms in 
Wales, the working horses are housed indoors throughout the 
winter, and even the young horses are in most cases given some 
dry food and shelter in those months. There has been a 
criticism of Welsh farmers that too much attention has been 
given to the horses, and too little to the cattle. It has certainly 
been true of the past that on many farms the best labour was 
used each morning in attending meticulously to the horses, 
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while rather inferior labour attended cursorily to the cattle. 
This criticism has less force at the moment, when the horse 
tra<le has declined and comparatively little interest is taken in 
breeding and rearing of horses for sale. On small farms the 
problem of maintenance of horses is one of the most serious. 
There is comparatively little work for them to do on these grass 
farms, and yet in many areas they have to be housed in the 
winter, consuming the best oats, and hay products of the farm. 
The following table sets out the actual number of hours used 
in attendance on all horses on individual farms on the average 
of two years. 

TABLE IV. 


Manual labour requirements of horses. 


Farm 

-Vo. 

Tolal^ 

horses. 

Total 

labour 

time. 

Labour 
hours per 
horse. 

Horse labour 
as % of total 
lire.'iioeix 
labour 

1 

3 

:>29 

176 

13.9 

>2 

1 

337 

84 

7.7 


1. 

003 

12(> 

9.9 

4 

i 

3(57 

92 

9.9 



957 

191 

17.2 

6 

4 

H41 

210 

27.7 

7 


72J 

1 90 

10.8 

H 

i H 

1 577 

1 72 i 

16.7 


0 

(519 

69 ! 

17.7 

10 

9 

1 790 

88 I 

16.8 

n 

7 

216 

31 i 

5.0 

12 

12 

660 

55 

7.4 

13 

10 

1,520 

152 

11.2 

14 

6 

757 

126 j 

10.2 

I.') 

3 

194 1 

165 

11.2 

1(5 

(5 

.524 

87 

8.8 

Average 

«-7 

650 

102 

1 11.8 


* For mimber of working horses see Table I. 

The extreme variations from farm to farm are again appar- 
ent in this table. Farm No. 11 is an example of a grass milk- 
selling farm in South Wales, where horses are maintained as 
cheaply as possible for the light work available. There is none 
of the elaborate attention given to horses on this farm that 
is evident from the results of farms 5 and 13. Both of these 
attend with all care to the horses during the winter months, 
and the figures of labour used in attendance are unduly high. 
There are no records of time requirements on work horses alone, 
but if it is assumed from experience that young horses require 
approximately fifty hours each per annum, then the figure for 
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a work horse on the average of these farms will be about 185 
hours. 

It is interesting to compare the number of manual hours 
used in attendance on horses with the actual number of hours 
of work done by horses on the farms. This gives some indi-* 
cation of costs and returns of working horses, and points par^ 
ticularly to the difficulty of maintaining horses on small grass 
farms. 

TABLE V. 

Manual labour in horse attendance in relation to horse work done. 




Horse work per hour 

Farm 

Horse work done 

of attendanee labour 

No. 

{hours |><*r horse). 

(hours). 

1 

376 

2.1 

2 

478 

5.7 

3 

814 

4.8 

4 

775 

8.5 

5 

615 

2.6 

6 

737 

2.6 

7 

819 

5.6 

8 

764 

8.0 

9 

691 

6.7 

10 

878 

5.5 

11 

747 

13.8 

12 

756 

8.1 

13 

945 

3.7 

14 

905 

6.0 

15 

620 

5.0 

16 

875 

6.7 

Vverage 

736 

5.1 


The peculiar difficulty of the small holding is well illustrated 
on farm No. 1 where little more than two hours of work is 
provided by horses for each man hour of labour in attendance 
on horses. 

Cattle. 

On most of these mixed farms the dairy herd holds a posi^ 
tion of particular importance. A 'great part of the income of 
the farm is derived from the sale of store, fat and dairy cattle 
and the sale of surplus dairy products, and the dairy herd is 
the foundation of stock rearing and the production of milk and 
milk products for sale. Most of the farms studied here rear 
store stock for sale at eighteen months or two years old, and the 
surplus milk is made into butter. The skim or separated milk 
is fed mainly to calves, but it also plays an importaiit^ part in 
the rearing and feeding of pigs. The work of attendance on 
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cattle is heavy in the winter when almost all beasts are feeding 
indoors, but is almost entirely confined to milking and the hand 
rearing of calves in the summer. For the most part the cows 
dry off in the winter, to calve in the early spring. But even 
so, they are maintained indoors and the work of attendance is 
very little less than if a fairly high proportion of winter milk 
were produced. 

A general criticism of many Welsh farms, and more espec- 
ially the smaller holdings, would be that the lay-out of the 
holdings and the arrangement of the hay and corn yards, and 
the manure heap, is poor and ill-designed for saving of labour 
and elimination of drudgery. Far too many of the young 
stock are housed in awkward hutches far away from the barn, 
giving unnecessary labour lime in feeding and general care, and 
often not providing adequate light and ventilation. The same 
criticisms can be levelled against many of the double row 
cow byres which tend to be cramped and which provide neither 
light or sufficient cubic space for health. All these factors 
influence the labour time used in attendance on livestock in 
addition to retarding growth and adding to the practical diffi- 
culties of the farm. In many cases the situation could be 
improved, and the lay-out of buildings, in relation to the manure 
heap, the barn, and riekyards considerably amended to save 
time and unnecessary exertion. There is little doubt that the 
fact that the labour of the family can be used freely, and par- 
ticularly the labour of the w’omcn, accounts to some extent for 
the slowness of improvement in this direction. 

The actual labour time used in attendance on cattle shown 
in the table belove, covers w^ork in connection with the dairy 
herd, including milking and subsequent use of milk, as well as 
all the work of feeding ami attendance on all classes of young 
stock. 

The highest requirement is shown by farm No. 7, at 133 
hours per head. This is a milk selling farm, and a proportion 
of the hours spent in delivery of milk is included in the total. 
The other high figures are obtained on the smaller farms of the 
mixed type. 

The usual figure of the labour requirement of a dairy cow 
is around 200 hours per annum, but most of these results have 
been obtained on milk selling farms, so that holdings in this 
study are not quite comparable. If, however, this figure is 
taken for the cows in milk (treating heifers in calf, dry cows 
and bulls with other cattle) to make it comparable with cost of 
labour figures for milking herds, then the labour requirement 

E 
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feeding and maintenance in the winter period compares with 
the work of milking, and calf rearing in the summer time. 

Women provide a high proportion of the labour used in 
summer while much of the general winter attendance is the 
work of the regular male staff. 


Labour requirements of Sheep* Pigs, and Poultry. 

It is obvious that from the point of view of organization 
of labour on the farm, the time used in general attendance on 
sheep presents few or no problems. Most of the actual regular 
work comes in the spring at lambing time, and at special inter- 
vals in summer for shearing and dipping. Conditions, however, 
vary widely on individual farms. Where fairly heavy Cross 
Bred or Down Sheep are kept on the lowlands, trough feeding 
is fairly general in spring, and many farms feed lambs and year- 
lings on roots in the winter months. Where the native sheep 
are kept, especially at the higher elevations, the work on actual 
attendance is reduced to a minimum, although there may be 
considerable time spent in shepherding on the more open moun- 
tain farms. The statement of actual labour time used on sheep 
on individual farms is as follows : — 

Manual labour requirements of sbeep. 


Farm 

So. 

y umber of 
breeding 
eiren. 

Total 

hours. 

Hours 

per 

ewe. 

i^heep 
hours as 
per cent, 
of total 

1i restock 
hours. 

1 


888 

11 

8.8 

2 

15 

870 

25 

8.4 

5 

16 

137 

9 

2.5 

7 

28 

658 

28 

10.0 

8 

40 

298 

7 

8 . 4 . 

9 

8 T 

884 

9 

9.8 

10 

89 

1,052 

12 

22.5 

11 

46 

889 1 

9 

9.0 

12 

22 

621 

28 

6.9 

18 

224 

M 48 

5 

8.4 

14 

248 

1 . 1 (H) 

4 

14.5 

15 

819 

1,156 

4 

26.2 

16 

891 

1,805 

5 

80.2 

Average ... 

116 

672 

6 

10.6 


The variations on individual farms are very wide, but that 
is only to be expected in a group of farms representing many 
types of sheep management. The average is unduly weighted 
by the large native flocks of the mountain farms Numbers 14 — 
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16 bringing about a requirement which is obviously too low for 
the smaller flocks of the lowland farms. An estimate of from 
7 — 10 hours per ewe is probably representative on these hold> 
ings, while between two and four hours would be adequate on 
the upland farms. When the whole flock is considered, including 
all categories of sheep and lambs, the weighted average require- 
ment per head for the group is around 8^ hours. 


Monthly distribution of manual labour on sheep. 



Arowjc hours 
]»cr ircrk. 


Arerat^e hours 
per week. 

January 

151 

July 

210 

Fobruary 

is: 

Au^u‘^t 

195 

March 

212 

Soptrnil>or ... 

16(> 

April 

22;i 

October ... 

120 

M ay 

!(>(» 

X<»venibcr ... 

1 113 

Juno 

275 

I 

December ... 

1 137 


This monthly schedule brings out very clearly the demand 
for labour by sheep at special seasons, notably at shearing and 
dipping times in the summer months. 

Information on amounts of labour utilised on attendance 
on pigs and poultry on farms, is more difficult to collect. 
Because these are generally two minor branches of activity, 
little attention is given by the management to the labour used 
on the routine tasks, which are mainly the ])rerogativc of the 
women. The complete picture, however, is not available 
unless the time used in attendance on the smaller livestock is 
measured, and analysed in relation to the size of the farm and 
the pigs and poultry units. On most of these mixed farms, one 
or more breeding sows are kept, and the pigs may be sold as 
weaners or fed for pork or bacon according to circumstances 
both inside and outside the farm. There is such diversity in 
practice in this resjject that it is impossible to obtain any 
reliable measure to indicate the importance of the enterprise on 
individual farms. In the table below only the number of 
breeding sows is given, but some indication of the scope of the 
pigs branch will be obtained from the total hours of labour used 
in attendance. 

Farm No. 11 is an example of reduction in labour time by 
keeping the sows in a paddock with improvised sheds, using 
as little labour as possible. 

Of the total livestock labour over the group of farms, the 
time spent on poultry only amounts to about 6 per cent. Here 
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again there is the difficulty of getting any satisfactory unit of 
poultry, to which to relate the labour used, for measurement. 
The farm flock consists of a conglomeration of birds including 


Manual labour requirements of pigs. 






Labour on 






pigs as 
per cent. 



Fann 

Brecilinq 

Total 

of total 




aoii'H. 

hours. 

lircstoch 






labour. 



1 


096 

15.7 



2 

1 

1,278 

28.9 



3 

i 

2 

2 

868 

270 

17.1 

7.3 



5 

2 ’ 

630 

12.3 



7 

2 

312 

4.7 



8 

2 

193 

14.1 



9 

2 

336 

9.3 



U) 

1 

186 

3.9 



11 

i 

137 

3.1 


V2 

{ 

1 .026 

11.1 


13 


1 2,957 

21.7 



li 

2 

I 610 

i ‘^.1 



1 1,1 

1 

; 3(M) 

1 6.9 ; 


i Vi 

— 

: 112 

1 1.9 1 


jAvera^o ... 

i 

1 6i 1 

I 

! IM i 

1 : 


chickens, and fowls for all purposes. Using the grand total of 
all birds recorded on these farms, the labour used per bird is 
calculated to be about three hours per annum, but again with 
wide variations between farms, expressing mainly the difference 
in management between the barn door fowl and the specialist 
hen. 

General. 

The actual figures shown in the tables showing the time 
utilised with each different class of stock on these farms offer 
some guide to the study of labour conditions on Welsh farms. 
Judged by standards of what ought to be, they undoubtedly 
suggest unnecessarily high requirements leading to high real 
costs of production. But it has been emphasised already that 
no such conclusions are justified, without considerations of real 
output and an appreciation of the circumstances of individual 
farms. The high variations, in all the groups of figures, shown 
by individual farms is in accordance with the facts of farm 
practice, and these arise out of real differences inside the farming 
system, the available labour supply, and conditions of layout 
of buildings and land as well as the size of farm. 
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As the study is mainly concerned with mixed livestock 
farms of the type frequently found in Wales especially in the 
valleys of the Western Counties, it would be useful to find 
cases in this sample which give fairly typical normal results for 
this class of holding. Two farms, both situated in Cardigan- 
shire, Numbers 8 and 9 can be taken as holdings representative 
of this type. Both are about 150 acres in size, with medium 
quality land, most of which is cultivable. Most of the lapd on 
both farms is managed on the long rotation, with about four 
years of arable cropping followed by long leys of from four 
to ten years. The system of mixed farming is very similar in 
the two cases although the land is heavier in Case 8 than Case 
9, and both are well managed by farmers of thirty years stand- 
ing, of ability above the average who have made good living 
incomes. The figures presented for these holdings are reliable 
and can be taken to represent this class of holding in Wales 
much better than the average of conditions on sixteen farms. 
The average of a sample of farms of varying sizes, and con- 
ditions of management (although they may be classed as mixed 
farms) is unduly influenced by the abnormal, especially when the 
number of farms is hardly sufficient to ensure adequate correc- 
tion for such influences. 


FINANCIAL ASPECTS OF GLASSHOUSE 
PRODUCTION. 

By J. Llefelys Davies, M.Sc., 

University College, Aberystwyth. 

Most people who are in close contact with agriculture in 
Wales at present are impressed with the need of serious con- 
sideration of the future development of the industry in our own 
country. Changes in fanning practice are always occurring and 
thinking farmers are constantly seeking fresh opportunities of 
utilisation of capital and labour on their farms. Some of these 
changes occur in the system of management of existing enter- 
prises ; better breeding, feeding, and handling of livestock to suit 
the needs of the market, while others seek to develop a new 
combination of enterprises or tend towards special development 
of one enterprise. Although these conscious changes undertaken 
by farmers individually in response mainly to the opportunities 
of the market are slowly evolved, they become significant when 
measured collectively over a period of time. The growth of the 
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poultry industry in both England and Wales during the last 
decade is an example of the changes which take place in agri- 
culture and the comparative facility with which farmers adapt 
themselves to new circumstances. 

It is not difficult to foresee a somewhat similar movement 
in Wales towards production of more intensive horticultural 
crops and glasshouse produce in the near future. This develop- 
ment has already begun, although the official statistics available 
give but little indication of its significance. Welsh farmers 
favourably situated with regard to land, layout, and the con- 
suming markets, are realising the probable limitations in the 
future of trade in the staple livestock branches of Welsh 
farming. Our Empire countries are fast becoming more potent 
competitors in the meat markets and the market for dairy 
products in this coutry, so that some Welsh farmers who have 
facilities are considering possibilities of production of perishable 
bulky products in which the situation with reference to the 
market is of prime importance. This does not mean that 
the natural advantages of large areas of Wales for grass farming, 
producing principally cattle and sheep, will not be exploited 
or that livestock husbandry will or can be superseded. But 
there are some areas of suitable soil favourably situated which 
will undoubtedly be used for intensive farming, mainly with 
horticultural crops and specialist livestock enterprises, in the 
natural course of events. 

Production of horticultural crops means a high output of 
food per acre and more employment of labour per acre than 
almost any other form of crop husbandry. This latter feature 
is important at the present time when there is a surplus of labour 
in most industries, and a general desire that some of the surplus 
may be employed in the cultivation of the land. But apart from 
the possible absorption of surplus labour from other industries 
there is the more important question of utilising the labour and 
capital available in the farming industry itself. Each year a 
number of farmers’ sons have to seek employment and the use 
of some capital outside the farming industry. The number of 
farms is definitely limited, and only a proportion of the male 
members of farm families can expect to enter the industry in 
its present form. In the past there have been opportunities for 
the sons of farmers in Wales to leave the industry, take with 
them some farm capital, and enter other productive or 
distributive businesses. It is desirable, however, to retain these 
men and their capital accumulated out of farm savings; and 
small holdings farmed intensively offer one possible solution to 
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the problem. Unfortunately, farmers brought up in close con- 
tact with livestock on grass farms take but slowly to intensive 
arable cultivation. And sons reared on large livestock farms 
are convinced only with difficulty that an intensive poultry hold- 
ing or a few acres devoted to glasshouse produce is in every way 
as big as the ordinary mixed farm. In the last five years, 
however, the attitude of Welsh farmers in general towards 
poultry has changed significantly, and there are now numerous 
examples of farmers paying as much attention to the hen as to 
the dairy cow. It is reasonable to expect that farming opinion 
in many areas will show a similar movement towards serious 
study of the commercial possibilities of horticultural and glass- 
house produce, either as adjuncts to existing farms or as basis 
for successful small family holdings. It might well be suggested 
that the education authorities should take a more definite part 
in assisting farmers and more particularly their sons to under- 
stand and appreciate the possibilities of this type of enterprise 
and the qualities which it requires. 

The justification of the foregoing remarks lies in the need 
for hastening the change in attitude towards intensive culture 
amongst the farming community and leaders of opinion in 
Wales. There is even now need of more dissemination of know- 
ledge of the technique of intensive plant culture and also of the 
economic aspects of production and marketing of the crops. 

Capital and Labour. 

It is a feature of intensive production of produce under 
glass, that a comparatively large amount of capital is con- 
centrated on a small area of land. In some areas the land used for 
these purposes is comparatively cheap, in that most of the sur- 
rounding land is used for ordinary agricultural purposes 
connected with either crops or stock. But in general, glasshouse 
production has been concentrated in areas close to the centres 
of consumption, and the price of the land has been high because 
its valuation approximated to building-site value in these areas. 
It was natural, therefore, to expect high concentration of capital 
and labour on a small area, and the greatest possible production 
per acre of land. But where glasshouse production is taken up 
in a typically rural, but otherwise suitable area, the value and 
cost of the land is less and high concentration of capital may 
not be so necessary. Other factors, of course, affect the situa- 
tion, such as the need for concentration of glasshouses to 
provide economical units for heating and for arrangement of 
labour time. But cultivation and handling of glasshouse 
produce is a specialist business, and conditions of production 
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are more comparable to those in a large workshop or factory than 
the farm, so there seems little prospect of increasing output 
under glass in Wales by adding subsidiary units to general 
farms. Most probably there will have to be concentration in 
specialised units, using ample capital and adequate knowledge 
of technique of production and marketing. These units need 
not, however, be on a large scale and a family basis is likely 
to be as successful in this as in other fields of farm production. 

The actual amount of capital necessary in a glasshouse unit 
depends to some extent on the combination of produce raised; 
on the methods of building; transport; cost of equipment; cost 
of roads, etc., which are peculiar to each site. The cost of 
equipment will in general be greater where a large number of 
different crops are cultivated than where a single product is 
raised. Different products require slightly different heating 
conditions and where a glasshouse is used for two or more crops, 
the selection of type of house becomes a matter of compromise 
or of adaptation to the purpose. There are other items of 
subsidiary equipment necessary for each product which add 
necessarily to the total capital cost. The estimates for fitting 
a glasshouse unit for tomato growing range from about £2.500 
to about i!4,000 per acre. This assumes the greatest possible 
eoncentration of glass, and includes the cost of the houses, heat- 
ing equipment, roads and paths, w^ater supply and incidental 
implements and machinery. It is obvious that estimates of 
capital cost can only be indicative and that the actual invest- 
ment will vary widely according to the actual circumstances of 
each unit. Provision of road vehicles for delivery of produce 
is another considerable addition to capital cost in areas where 
railway facilities are not adequate for efficient marketing, or 
where the trade is localised and produce is transported direct 
from producer to retailer. The main point is that there is high 
concentration of capital over a small area of land and that a 
high proportion of receipts from the sale of produce has to be 
devoted to covering depreciation and interest charges. 

The amount of labour employed per acre in glasshouse pro- 
duction varies according to the combination of crops grown and 
the methods of marketing. But whatever the individual cir- 
cumstances of the glasshouse unit, there must be comparatively 
high concentration of labour. The work of cultivation and treat- 
ment of the crops is specialised and delicate and this necessitates 
the intensive application of trained labour. For tomato growing 
it is estimated that an acre of glass provides work for about 
five to seven persons over the year. With only one product 
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there is some seasonality in labour requirements, and extra 
bands are taken on in the spring and summer months. Most 
units, however, get over the difficulty by combining some 
winter crop or crops with the staple tomatoes or cucumbers for 
summer production. 

Costs and Returns. 

In the absence of comprehensive data covering glasshouse 
units using different combinations of crops, or a sample of units 
with similar conditions of production and marketing, the sum- 
mary of figures below from three typical examples will be used 
to indicate the broad economic features of the business. It is 
hardly necessary to point out here that costs and returns show 
wide variations in practice according to the special circumstances 
of production and marketing of each unit and the skill and 
efficiency of the management. But the figures for individual 
units will only vary in detail and the fluctuations will be either 
above or below what is here presented as a representative case. 
The figures in Case A. indicate the cost and returns of tomato 
growing in recent years. The unit studied consists of several 
acres of glass devoted almost entirely to tomatoes and 
cucumbers. By careful accounting the owner has worked out 
the following cost statement per acre for tomatoes from his 
actual experience during the past two years. 


Cost and Returns per acre of tomatoes. Case ** A.** 


Items. 

Per 

Acre. 

% 

Total. 

Per lb. 


Jb 


(/. 

Labour 

.550 

32.9 

1.47 

Fuel 

2.50 

14.9 

0.67 

Manure 

45 

2.H 

0.12 

Sundry supplies 

44 

2.7 

0.12 

Packing and Carriage ... 

170 

10.2 

0.46 

Market expenses 

157 

9.4 

0.42 

Total Direct Charges ... 

1,21C 

72.9 

8.26 

Depreciation 

2(X) 

12.0 

0.54 

Rent and Interest 

19.3 

11.5 

0.51 

General Sundries 

60 

3.6 

0.16 

Total Costs 

XL669 

100.0 

4.47 

Gross Receipts 

il,960 


5.25 

Net Surplus 

£291 


0.78 
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Assuming a total yield of tomatoes of 40 tons of saleable 
produce per acre, which is probably on the high side for average 
conditions, the cost per pound comes to approximately 4^. 
Direct charges account for rather less than three quarters of the 
total costs, and overheads for about 27 per cent, of the total. 
Costs of labour and fuel are noticeably prominent, but it is 
doubtful whether most nurseries are able to work as cheaply 
as these figures indicate. The amounts paid for transport and 
expenses of marketing, making together nearly a fifth of the 
total costs, illustrate the importance of marketing costs with a 
bulky and perishable commodity which has to be carefully 
packed and sold almost daily during the season. In the case 
cited here all the produce was sold direct through commission 
salesmen at a central market, and producers able to sell direct 
to retailers would reduce such charges. The figure of £291 net 
surplus shown for this unit for the year is the earnings of 
management, because all interest and capital charges have been 
included in the cost schedule. The total earnings of the owner 
and his capital amount to £484. The actual amount of surplus 
available in any year depends partly on the level of prices of 
the product throughout the season, and partly on the distribu- 
tion and total yield of the crop. The more specialised and con- 
centrated the range of production becomes, the greater the risk 
of serious loss and fluctuation in yield and in cash returns so 
that the figure shown above for available surplus must contain 
some provisipn for the risks taken. 

Case B ” illustrates the costs and returns in a smaller 
unit, where both tomatoes and cucumbers are grown. The unit 
was first erected to produce tomatoes mainly, with cucumbers 
as a subsidiary crop, but in recent years it has been found more 
profitable to increase the proportion of the latter and to add 
chrysanthemums as a winter crop on a small scale. This cost 
statement (which is an average of two years — 1980 and 1931) 
therefore gives the main items of cost in a nursery producing 
a combination of products. 

The itemised schedule B ” differs somewhat from ‘‘A*’ 
discussed above. Costs of carriage and market commission liave 
been deducted before arriving at the figure of total sales here 
shown. Interest charge on the capital invested is also excluded, 
but actual charges on a small bank overdraft, and depreciation 
of plant, have been entered in cost. The total figures of cost 
and returns for *‘A” and ‘‘ B ” are not therefore on a com- 
parable basis. The total costs in the latter are appreciably 
heavier, while the sales are only very little greater than in the 
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iormcr. The surplus available in Case B after meeting all 
scheduled charges, only amounts to £187 per acre, and this is 
•obviously insufficient to meet reasonable interest charges on 
£4,000 of fixed capital and some return for management of the 


Cost schedule per acre. Case ** B.” 



Per 

Acre. 

% of 

Total. 


£ 


l.aboiir 

648 

88.1 

Fuel 

484 

25.7 

Water 

46 

2.7 

Fertiliser and Seeds 

140 

8.8 

Steaminjr 

72 

4.8 

Uejjairs and Supplies 

41 

2.4 

Cartape Jind Pnekinp: 

06 

.>.7 

Sundries 

26 

1..5 

Bank Charges and Depreeiatinn 

100 

11.8 

Total 

.£1,688 

100.0 

Sales (less Coinm5''sion eliar<jces aiul i 



earria^i:e) ... ... ... 

1,875 


Surplus ... ... ... 1 

£187 



business. The two examples may be said to illustrate one case 
where a reasonable living was provided and the other where in 
the average of two years there was little or nothing available 
for the management, after all legitimate charges had been met. 
In comparing the list of items shown for Case B where three 
or more products may be grown, with where only tomatoes 
are grown, the higher costs of labour and fuel in the former 
should be specially noted. 

The third case ‘‘ C ’’ is quoted by ix^rmission of the Hert- 
fordshire Farm Institute, St. Albans, and the figures arc taken 
from the published accounts for the seasons 1931 and 1982. The 
unit consists of about li acres of glass, used mainly for tomatoes 
.and cucumbers and to a small extent for flowers. 


Costs and Returns per acre. Case “ C.” 

W,V 

£ 

lU.iJ 

£ 

Labour 

597 

667 

Fuel 

468 

478 

Fertilisers 

34 

89 

Packing? material, carriage, etc. 

222 

241 

Repairs 

80 

51 

Sundry aupplies and fees ... 

160 

107 

Rates and Taxes ... 

42 

48 

Depreciation (Loan Service Charges) 

... 156 

159 

Interest charges ... 

287 

280 

Total charges 

1,946 

2,015 

Sales of produee ... 

1,868 

Deheit 78 Surplus 

2,265 

250 
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Total figure of sales was 

made up as follows 

in the two 

seasons. 

ly.n 

19S' 


£ 

£ 

Tomatoes 


1.722 

(Tieunibers 

;m; 

yao 

C'hrysuntheniunis ... 

2« 

71 

Carnations and otlicr flowers 

10 

89 

Lettu<*es, marrows, etc. 

i*j 

ly 

Miscellaneous 

24 

20 

Total 

1,H6h 

2,26.*) 


The items in cost in case “ C compare very well with those 
shown above for units A ’’ and “ B but this unit was only 
erected in 1930 so that no significance can be attached to any 
figure of profit or loss. The broad details of cost and returns are^ 
however, instructive. 


General. 

The three cases here examined throw some light on the 
nature of intensive glasshouse production, and the opportunity 
it offers in this country for employment of labour and capital. 
In view of the fiscal policy of this country in general and the 
import duties on most forms of glasshouse produce in particular 
there seems to be considerable scope for development of the 
industry in local units. It is not anticipated that any district 
in Wales may develop a large specialised glasshouse area, but 
many small units have already lM?en established outside the con- 
suming centres, and this movement must increase. With perish- 
able products like tomatoes the grower situated near the final 
consuming market holds a great advantage over foreign com- 
petitors and even over producers in this country who have first 
to pass the produce through a central market, from whence it 
must be transported long distances by road or rail to its final 
destination. The grower near the consuming market saves trans- 
port and handling charges on bulky produce and is able to 
maintain freshness and bloom right to the consumer’s door. 
In practically all markets there is a readiness on the part of 
consumers to show a slight preference in price for the perishable 
product which is grown locally. Even if costs of production of 
the crops tend to be higher in the small local units, as compared 
with the large specialised nurseries, this is more than made up 
from savings in transport and handling and the better prices 
realised. 

The information on capital and labour requirements of glass- 
house units given above rather suggests that the industry is only 
open to those with abundant capital resources. This is mainly 
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because all the figures have been expressed on the basis of an 
acre of land for the purposes of measurement, and it should be 
stressed that a highly specialised industry like glasshouse 
culture is particularly suited to small units where personal atten- 
tion can be devoted to the technique of the production and 
marketing. 

The tradition of family farming in Wales can very well 
be continued in glasshouse culture, and both the capital and 
labour resources of the whole family can easily be utilised. Part 
of the work is seasonal, and falls in the summer time when the 
children can be most helpful, and most of the work during the 
season is light and clean. A glasshouse unit managed by a 
family used mainly for tomatoes, could consist of about six 
houses 15 feet by 185 feet on half an acre of land, and the whole 
could be served by one double boiler heating set. The capital 
required would be from £1,500 — £2,000 in total and it would pro- 
vide wholetime work for one man and a lad, with considerable 
seasonal work for other members of the family and possibly some 
casual labour. This unit should produce, under favourable con- 
ditions, from 15 to 20 tons of crop annually, and if the 
market were properly served there should be no great difficulty 
in disposing of the produce. Costs of operation would follow 
the lines illustrated above for Case except that labour costs 
would not be stated, but the earnings of the family would be 
revealed in the surplus available after meeting direct charges. 
At this stage it is not possible accurately to assess the probable 
surplus available to a family unit, because the actual amount 
would obviously vary with the efficiency of production and the 
opportunities for marketing. But having regard to present 
prices of glasshouse produce and probable trends in consumption 
and demand in this country there is every reason to believe 
that this form of enterprise would offer a living at least com- 
parable to that obtainable in most other branches of the farm- 
ing industry. 


THE FUTURE OF CO-OPERATIVE 
MARKETING OF FARM PRODUCE IN 
WALES. 

By J. Glynme WiiiUAMs, B.Sc., M.S., 

University College, Aberystwyth. 


In the recent history of co-operative marketing in Wales 
there are no clear outlines of progressive development or even 
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of decline. Experiences have been varied, and results of efforts 
good, bad and indifferent. Development has been erratic and 
there is no sign of co-ordination of effort, or of the formulation 
of any general policy for the movement. Quite frequently, it 
appears, co-operative marketing has been advocated as a solu- 
tion of the problem of marketing produce which has been other- 
wise unmarketable. Where the demand has been good and the 
farmers had no difficulty in finding purchasers for their products 
the ordinary channels of trade have been used, and although 
they may not have given entire satisfaction there has not been 
any great demand for an alternative system. But in times of 
general economic stress or of poor demand there is a tendency 
to turn to co-operative organisation. Thus the majority of 
ventures have been floated under the most difficult circumstances, 
when capital was scarce, and produce relatively unsaleable. 

This experience of Wales is not unique, for co-operative 
enterprises often have been the “ children of necessity. Quite 
commonly, in fact, the parents of co-operation have been 
economic and social idealism on one side and economic depres- 
sion on the other. The union of these has produced many of 
the co-operative movements of the world. Occasionally, this 
union has been inspired by patriotic feeling, by ideas and efforts 
in planning for national development. Only rarely, if ever, has 
any co-operative movement arisen as a result of economic 
planning on a colder rational basis without the pressure of 
poverty or the stimulus of patriotism. There have been some 
cases of growth of co-operation, more particularly for credit 
purposes, inspired if not imposed by superior administrators, 
where the element of rational planning has seemed to be 
dominant, yet even here the administrators have been concerned 
with a fundamental poverty. 

The elements of poor financial returns, of fear if not realisa- 
tion of poverty, and idealism, have been evident in the co-opera- 
tive movement of Wales. The idealism was strong in the earlier 
years of this century when large numbers of the requisite 
societies and some of the marketing societies which have failed 
were formed. It rose again under special stimulus in the years 
immediately following the war, but at this period it was not 
so widespread amongst farmers as in the earlier period. The 
possible connection between agricultural co-operation and 
patriotic effort for national development has often been dis- 
cussed but so far without any obvious effect. The more recent 
cases of co-operative organisation have sprung from economic 
trouble and resorting to the only or the best known method 
of finding an alternative system of handling produce. 
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The critic of agricultural co-operation may find plenty of 
occasions for his attitudes and views in the history of the Welsh 
movement, and the apologist may reply, but it is always difficult 
to bring their points of view together and develop a constructive 
policy. Keen enthusiasm has often overcome cynical criticism, 
but enthusiasm has not always been infectious or alone sufficient 
for success, and the views of critics have been strengthened again 
and again. Yet in spite of failure, recurring antipathy, ^ven 
cynicism, farmers return to co-operation in the search for a solu- 
tion of their marketing problems. But spasmodic developments 
do not imply a general acceptance of the principle of co-operative 
marketing : they represent merely the application of the principle 
to specific problems which at the time present great difficulties, 
and at no time has the principle been applied to more than a 
very small part of total production. 

Such marketing of produce as has been done co-o^ratively 
has been conducted on the basis of two different forms of business 
organisation. Firstly, with the stabilisation of requisite societies 
throughout the country an attempt has been made to undertake 
the marketing of farm produce as a branch of the requisite move- 
ment. .Secondly, where difficulty has been encountered in the 
marketing of any specific agricultural product special co-operative 
organisations have been set up to deal with that individual 
product. A more recent development, however, has been for 
several requisite societies to assist in the organisation and 
financing of a specie’ co-operative processing and marketing 
organisation to deal with one product which has been causing 
the individual societies some considerable difficulty. 

Whether the development of marketing business by a 
requisite society is the ideal method to be adopted is open to 
some doubt although it has many advantages. It is a develop- 
ment which is often forced upon the requisite societies in order 
to retain trade; for many farmers find it advantageous to sell 
their products at the same time as they make essential purchases. 
But in such cases co-operallve marketing is merely a side-line 
and is invariably handled by the staff of the requisite business 
and therefore is subsidiary to that part of the trade. It is 
hardly likely that under such circumstances the marketing of 
farm products will receive the attention and development it really 
requires. Provided the produce section does what it was intended 
to do, i.e. to maintain the requisite business, the management 
are perfectly satisfied. Where the marketing side does develop 
it may become necessary to appoint a special manager and the 
tendency is towards dual control ; commonly an unsatisfactory 
arrangement. 
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Co-operative marketing in Denmark has developed mainly on 
the basis of separate organisations thus necessitating a fanner 
taking out a membership in several societies according to the 
number of products he wishes to sell as well as being a member 
of another society if he wishes to purchase his requirements co- 
operatively. But it is invariably easier in this country to link 
up a marketing organsation to a co-operative requisite society 
than to establish a new organisation. A membership is already 
at hand, an organisation with a committee of management and 
in many cases some or all the necessary capital and buildings 
are available without any further demands upon the members. 
In fact, the local society with its connections and experience 
is in a far better position to estimate the necessity for such a 
marketing organisation and the probable loyalty of the members 
to it. Experience in Wales of a marketing branch being attached 
to the more important requisite trading businesses is varied in 
the extreme. The statement below shows the commodities dealt 
with in a number of the requisite societies together with the 
total sales for the trading year 1981. 


Commodity. 

Number of 
Societies. 

Total SalesA 

Milk 

1 

£ 

20,666 

Eggs 

A 

17,318 

Other dairy produce (mainlv butter) 

3 

15,349 

Wool 

2 

1,129 

Poultry 

1 

500 

Grain 

2 

303 


The society selling milk might conceivably be classed as a 
dairy society as its sales of requisites, mainly feeding stuffs, 
amounted to slightly over £10,000. The remaining societies are 
predominantly requisite societies. It is difficult to estimate 
whether the marketing branches of these requisite businesses are 
profitable or not in the direct sense as their trade may be 
indirectly profitable although it is directly unprofitable. Accounts 
are not always maintained with accuracy for the separate 


1 There are more than two, probably many, societies dealing in their 
members* grain mainly by outright purchase but sometimes on agenc*v terms. 
Purchases of grain from members are commonly omitted from accounts of 
prcduce dealt with because this grain largely serves the same purposes as 
grain purchased from other sources. S<mie purchases or agency sales of 
potatoes, and retail or small wholesale sales of butter and eggs, also occur 
without being separately recorded. Where the produce is of a type distinct 
from the commodities which form the main trade of the requisite societies 
the pn^uce sales are usually recorded separately. Nevertheless the total of 
pro^ce sales recorded does not show the real total sales. 

P 
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branches of the businesses for while purchases and sales may be 
recorded it is not always possible accurately to apportion costs 
of handling. But provided the combined result is acceptable to 
the committee of management little notice is taken of the 
individual enterprises. Even where it is known that the market- 
ing business is not directly profitable it is difficult for that society 
to leave it without an unfavourable reaction upon the goodwill 
of the requisite business. 

Under such circumstances it is almost impossible for the 
co-operative marketing of farm products to develop satisfactorily. 
It is not essential, however, that the requisite movement and the 
marketing movement should be segregated but that each move- 
ment should be given equal consideration and that neither should 
be made subsidiary to the other. Each branch should be 
financially independent and operated independently and this is 
quite possible without losing or foregoing any mutual advantages 
which are available. 

The societies organised primarily for the sale of produce 
must be distinguished from the produce branches of requisite 
societies. 

Dairy societies in Wales may be classed into three distinct 
types or groups. The first group includes the societies which 
operate mainly for the sale of liquid milk. In this work each 
society finds that it can profitably undertake the sale of other 
products such as eggs, but some societies find themselves under 
an obligation to manufacture surplus milk. But their main 
business is in the liquid milk trade. There were four societies 
in this group in 1931, two of which were only in a small way 
of business and engaged entirely in the liquid milk trade. 
The remaining two operated subsidiary businesses, one handling 
eggs and other dairy produce, and the other manufacturing 
cheese and butter and feeding pigs with the bye products. The 
total sales for 1981 were : — 






Other 



Milk. 

Pigt. 

Eggs. 

dairy 

produce. 

Sundries. 


X 

£ ! 

£ 

£ 

£ 

4 Societies 

24,171 

1,695 

461 

4,988 

494 


The second group includes the cheesemaking societies. 
There were four registered societies in Wales in 1981 but two 
were not operating during the year. The remaining two were 
also experiencing difficulty in getting the necessary milk supplies 
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to operate economically, this being the cause of the closing down 
of two other factories. The total sales of cheese during the year 
3981 amounted to £1,889. The history of co-operative cheese- 
making societies in Wales is interesting and, in spite of their 
decline, is not in any way a reflection upon co-operative 
organization for the disposal of surplus milk. With increased 
competition from the liquid milk market for supplies of milk co- 
operative cheesemaking has declined but several societies in 
Wales have oj)erated successfully and on liquidation have paid 
20s. in the £. The future of these factories at the present time 
is uncertain and will depend upon firstly, the successful opera- 
tion of a milk marketing scheme under the Agricultural Market- 
ing Act, 1981, and secondly, the ability of these factories to 
fit themselves into such a scheme to secure the necessary supplies 
of milk for manufacturing purposes. In fact the future of all 
dairy societies in Wales will be affected considerably by any 
milk marketing scheme under the Act. 

The third type is represented at the present time by only 
one society, which commenced operations in 1982, for thf 
manufacture of butter. The co-operative organisation of inde- 
pendent creameries for the manufacture of butter has been dis- 
cussed for many years, but only last year was this ideal reduced 
to practice. As the future of the marketing of farm butter is so 
uncertain, this innovation is being carefully watched by interested 
persons in many parts of the country as proof of its economy will 
stimulate extension of the system to other areas. The movement 
received its stimulus from an agricultural requisite society which, 
having found difficulty in securing a profitable outlet for farm 
butter previously sold, decided to set up a creamery and by the 
collection of cream to manufacture butter of uniform type and 
quality. The success of this innovation influenced the promoters 
of the independent factory to go forward with its work. This 
factory has, incidentally, relieved three other requisite societies 
of the responsibility of marketing farm butter for their respective 
members as the area of cream collection covers, more or less, 
the area served by those societies. 

The co-operative organization of the marketing of livestock 
has been reviewed in a previous volume of this Journal.* It 
has been confined to setting up marts to provide facilities for 
the sale of livestock by auction. Six societies were in operation 
during 1981, and although one is in rather difficult financial 


* Farmers* Control of Auction Marts in Wales. Thomas Lewis, B.Se., 
M.S., Vol. VIJ, Wehh Journal of Agnnilturv. 
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circumstances it is probable that suflElcient support is still main- 
tained for them to continue their activities. 

In the marketing of eggs there was only one active co- 
operative society in 1981, although there were three registered 
societies. Including the requisite societies there were only five 
societies reporting the handling of eggs as part of their business 
though it is probable that many other societies are selling stnall 
quantities of eggs on behalf of their members. It is difficult to 
explain the general failure to develop the co-operative marketing 
of eggs in Wales in view of the marked expansion of the poultry 
industry. Whilst this branch of marketing enterprise seems to 
offer a good field for progressive expansion co-operative action 
in this direction has never been particularly successful. The 
only independent co-operative egg packing station in Wales 
operating in 1931, whilst selling eggs to the value of £10,260, did 
not show a profit. The station is now undergoing re-organization 
and it is anticipated that in view of the marked increase in 
supplies of eggs, it will become a profitable enterprise once again. 
With two defunct societies and one undergoing re-organization 
it cannot be said that experience in Wales has been in any way 
stimulating, but with English experience as an antidote it is 
interesting to record that farmers and co-operators still have 
courage and one new society was formed in 1982. At the pesent 
time a new society is being organized and, in addition, another 
requisite society is seriously considering entering the egg-packing 
business. With the assistance of the National Mark Egg Scheme 
it is hoped that these new movements will eventually become an 
economic success and once again prove that it is possible to 
co-operate effectively for the marketing of eggs. It is, however, 
unfortunate that an unbiassed reviewer must state that up to the 
present experience has not done much to further this particular 
branch of co-operative marketing by specialized associations, 
although egg marketing combined with trade in requisites appears 
to have been quite successful. 

The application of co-operative marketing to a new product 
of Welsh agriculture is exemplified in the recent registration of 
an association of seed potato growers in North Wales. For some 
time experiments have been made with Welsh seed potatoes and 
more recently the growing of seed has been extended to farms. 
The successful results have proved that it is possible to produce 
very satisfactory seed potatoes in certain areas in North Wales 
and the quantity available has necessitated the formation of 
of some method of organized marketing. A co-operative society 
has been formed to take over the marketing of the seed potatoes 
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produced and its progress will be watched with interest. The 
ultimate success of this organization depends upon its ability to 
place these products on a market which must be cultivated and 
developed where previously there has not been any demand for 
Welsh seed potatoes. 

Co-operative marketing by the requisite or the independent 
produce societies is, at the present time, confined to the sale 
of eggs and poultry, milk for the liquid milk market, the manu- 
facture of surplus milk into butter and cheese, organization for 
the marketing of livestock and to a small extent, the marketing 
of grain, wool and seed potatoes. The history of the movement 
contains a variety of experience covering a variety of agricul- 
tural products.^ There was considerable development in the 
war and post-war period and it is true to say that many societies 
were established which could never operate successfully upon 
a return to more normal conditions. Such experience has been 
responsible for the reluctance of the older farmers to enter the 
co-operative field again and the movement has suffered accord- 
ingly. But there now appears to be a general change in attitude 
of the farmers in Wales and many suggestions are made for 
progress in co-operative sale. The co-operative sale of horti- 
cultural produce from farms is now under serious consideration, 
both in North and South Wales. With the development of 
small holdings this movement is sure to receive a marki^^d 
stimulus and the further development of horticulture will make 
it more or less of a necessity. The disposal of manufacturing 
milk in many parts of Wales is receiving serious consideration 
and co-operative organization is almost invariably the suggested 
solution of the problem. Progressive agriculturists in the 
Principality are now endeavouring to apply their knowledge and 
experience to the production of crops which have not, as yet, 
been recognized as typical crops for Welsh conditions. It is, 
however, asserted that in many parts of Wales horticulture or 
at least certain types of horticultural production would be a 
profitable enterprise and where it is proved that conditions are 
favourable and production is undertaken a marketing organiz- 
ation must be developed. There is no existing system of 
marketing adequate to the requirements of increased production, 
so there is a free field for co-operative organization. In all 
discussions of innovations agricultural co-operation is invariably 
offered as the best solution and it is probable that the future of 


^ See Agricultural (''o-operation in North Wales, by .1. Morgan Jones and 
II. Harding Wynne. Department of Agricultural Econoniit s, r.C.W., Aber- 
ystwyth. 
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the movement lies in assisting the pioneers of prcduction in 
several directions. But the setting up of such marketing 
organizations must be rapid and effective in order to secure for 
the agriculturists in Wales the full advantages and rewards for 
their courage. 

The present position regarding the development of agri- 
cultural co-operative societies is dominated to a large extent by 
the possibilities of the application of the provisions of the 
Agricultural Marketing Act, 1931, by the farmers themselves to 
the marketing of specific products. Without troubling to trace 
the development of the Act itself, it may be said there is no 
doubt that the failure to apply co-operative principles to the 
marketing of agricultural products has been mainly responsible 
/or this Act being passed. The Act undoubtedly represents one 
of the greatest challenges ever issued to the co-operative move- 
ment both from the point of view of producers and consumers. 
The future holds the possibility of forming a series of very 
powerful boards for regulating the marketing of a variety of 
individual agricultural products with a complete or partial 
monopoly of the home production. To persons interested in 
agricultural co-operation and its development the Act is of 
supreme interest. Schemes under the Act may be co-operative 
in nature if the producers of the commodity so desire but this 
is not an essential feature and ultimately the schemes may be 
far removed from the co-operative ideal. 

Schemes under the Act while of a collective character will 
not necessarily be controlled on the co-operative principle of 
** one man one vote ’’ but more generally on that of distributing 
basic control according to ** interest more or less equivalent 
to the ** share ’’ basis of control in limited liability companies. 
Collectivism may be compulsory, for under certain circumstances 
the initial control may be exercised at the instance of a minority 
of producers; yet it is equally true and important that under 
other circumstances control may be removed by a bare majority 
of registered producers. Capitalisation and finance will gener- 
ally be arranged also on an interest basis, but again financial 
arrangements may be compulsory. The difference between the 
principles of co-operation and those on which the Agricultural 
Marketing Act was based is largely to be found in absolute 
control of individuals in respect of certain marketing operations 
while the schemes are in force, and also in the indirect or direct 
power to control production. Schemes are essentially of 
collective and compulsory rather than of co-operative and volun- 
tary character, even though their initial establishment depends 
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on the desire for collective action on the part of some producers 
and consent on the part of others. 

Where compulsory schemes are initiated and operated under 
the Act the nature and scope of activities of co-operative societies 
must inevitably be changed. They must operate in conjunction 
with or under the schemes, but the nature and the forms of 
the functions they can fulfill will vary according to the nature 
of the schemes regulating the marketing of different products. 
In the case of farmers* co-operative societies now retailing milk, 
for instance, they may be ranked generally with traders as 
buyers of milk rather than as producers* organizations, but 
societies wholesaling milk may either be ranked as buyers of 
milk or under certain circumstances they may become the agents 
of the (prospective) Milk Producers* Board. On the other hand, 
in the case of the draft scheme for the marketing of pigs now 
under consideration (March, 1983) it is difficult to sec any func- 
tions which farmers* co-operative societies may fulfil, but co- 
operative bacon factories may be either ranked as buyers of 
pigs or become the agents of the Pig Producers* Board for certain 
purposes. In general it may be expected that where compulsory 
schemes can be developed and operated successfully the effect 
must be that of limiitng at least the potential activities of 
farmers* co-operative societies. On the other hand, if would be 
a grave error to assume that the operation of such schemes will 
remove all need of co-operative organisations or prevent their 
successful operation. 

Where a scheme or schemes cannot be developed, owing to 
the restriction placed upon their development by the necessary 
majorities required by the Act, the field is left entirely open for 
voluntary co-operation. This means the ultimate possibility of 
all the problems where there is only a limited unanimity of 
opinion on its advantages being left to voluntary co-operation and 
where there is a general favourable concensus of opinion to their 
being taken over by a scheme under the Agricultural Marketing 
Act.^ In other words, the difficult and in many cases the thank- 
less task of developing agricultural co-operation is left to co- 
operators working on the more difficult problems, whilst the 
results of their work when successful may be, and probably will 
be, taken over by schemes operating under the Act. As a form 
of compensation to the agricultural co-operative movement. 
Agricultural Marketing Boards are permitted, if they so desire, 
but they are not compelled to encourage agricultural co-operation. 


^ Throughout this article the reference is to Ihe Act of 1931. 
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Section 5 of the Act enables promotors of schemes to provide 
for the assistance of agricultural co-operation, but does not 
compel them to do so. Unless the necessary steps are taken to 
secure powers when schemes are drafted the Boards in control 
cannot use funds arising from their operations to promote or 
assist co-operation.^ Without specific provisions in the schemes 
themselves any such assistance is beyond the financial powers of 
the Boards. It therefore behoves all persons interested in agri- 
cultural co-operation to review carefully any scheme submitted 
for their consideration, and to see that substantial provision is 
made for the co-operative movement which has been, is, and will 
be, a powerful influence in progressive agriculture. 

The application of the Marketing Act will, in all probability, 
be limited to certain products, but through the passing of the 
Import Duties Act 1932 there is the possibility of a new pro- 
gressive era in the development of the marketing of agricultural 
products. The merits and demerits of tariffs and their possible 
contribution to the solution of agricultural problems may be dis- 
cussed, but persons interested in marketing for the time being 
must accept tariffs as an accomplished fact as part of the law of 
the land. 

Under this Act an Imports Duties Advisory Committee has 
been set up with unique powers of increasing, decreasing, or re- 
moving tariffs by recommendations. Their duty is to consider 
the adequacy or inadequacy of present import duties and recom- 
mend alterations. And it is of interest to note that Orders made 
by the Treasury on their recommendations are as effective as 
any statute passed by Parliament. Statements of opinion made 
by the Committee are therefore of interest as being indicative of 
the trend of development and the policy they intend to pursue. 
Emphasis should therefore be placed upon some observations 
made in recommending an increase upon certain imported horti- 
cultural products. Whilst stating the necessity for increased pro- 
duction, the Committee attaches great importance to improve- 
ments in marketing methods, including the organised assembly, 
grading and packing of the products. The progress made in this 
direction will be kept under observation in connection with any 
review of the duties.^’ It is stated definitely that they will not 
hesitate to recommend the removal of any duties should it appear 
that, owing to lack of effective organisation, or otherwise, the 


5 The Aprri<niltural Marketing Bill, 19^3, includes an amendment to this 
Section of the Act which will give Boards in control power to promote or 
conduct agricultural co-oi)eration. 
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prospect of any particular commodity subject to duty being pro- 
duced in this country of the right quality in substantial quanti- 
ties, and at a reasonable price, falls short of what may be properly 
expected. 

This statement is a grave warning to all agriculturists and 
their duty, if they wish to retain the protective tariffs offered, is 
obvious. Farmers must show a desire to organise for the more 
effective and economical distribution of their produce. It is 
immaterial to the Imports Duties Advisory Committee who does 
the organisation work provided it is done, but it is of material 
importance to the farmer. Could an ‘‘ outsider enter the 
the marketing system and organise or re-organise it for his own 
profit this would appear to be sufficient for the Imports Duties 
Advisory Committee though it would be of little benefit to the 
farmer. In order to gain what there is to be gained by the 
imposition of tariffs farmers will be obliged to organise co-opera- 
tively or under schemes operated by virtue of the powers of the 
Marketing Act. Many schemes, it is probable, will be left, for 
reasons stated above, to voluntary co-operation, and it is clear 
that advocates of the movement are being offered certain protec- 
tive measures to put their house in order.’’ Failure to achieve 
this will mean either leaving it to private enterprise and allowing 
the profits earned to be drained from the industry or to the 
removal of the protective measures which have been made. 

In the general policy of the Ministry of Agriculture there has 
been a marked consistency in supporting co-operation in agricul- 
tural marketing. Further, it is of interest to note the statement 
of policy made by the Development Commissioners in the first 
report on their proceedings during the period from the 12th May, 
1910, (the date of their appointment), to the dlst March, 1911. 
They directed their agricultural policy into three lines of action ; 
firstly, to increase the amount and quality of the product of 
Agriculture ; secondly, to increase the variety of the production, 
and thirdly, they proposed to encourage agricultural co-operation, 
** a subject which is expressly named in the Act ” as a solution 
•of the commercial problems of agriculture. In their second report 
the Commissioners outlined the arrangements made for assisting 
agricultural co-operation in Great Britain, the principle adopted 
being the utilisation of existing voluntary organisations which 
had done the work in the past. This policy has been followed 
elosely since the principles were laid down. Considerable help 
has been provided in the nature of grants and loans to co-operative 
marketing ventures. In April, 1924, provision was made by 
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Parliament for loans to co-operative enterprises engaged or pro- 
posing to engage in the preparation and marketing of agricultural 
products. A revised scheme relating to these loans was published 
in May, 1930. These schemes were administered by an Advisory 
Committee on Co-operation and Credit which was set up by the 
Ministry of Agriculture in 1924. For reasons well known to all, 
such schemes are now in abeyance, but the possibility of their 
being re-introduced is dependent upon the demand from agricul- 
tural co-operators and the progress of the movement. It can be 
said that the withdrawal of these schemes was not due to any 
deliberate change in policy of the Ministry to agricultural co- 
operation, but to a general change which affected all similar 
schemes in much the same way. 

It now seems that, in view of recent developments, the time 
is ripe for further consideration of the general relations between 
the Consumers and the Agricultural Co-operative Movement. For 
nearly thirty years this question has been raised periodically, at 
times by the Consumers’ Movement and at other times by the 
Agricultural Movement. In spite of prolonged discussions and 
reviews of the possibilities little appears to have been achieved. 
It is not proposed to give any of the many reasons offered for 
this failure to apply the principles to which both movements pro- 
fess to adhere. The one general criticism, cynical though it may 
be, is obvious. The present position appears to be one of more 
or less complete independence, although some very successful and 
valuable contacts have been established and maintained for many 
years. The Consumers’ Movement offers a very wide market for 
the home produced agricultural commodities marketed co-opera- 
tively and the failure of the farmers’ co-operative societies to 
make and retain contacts with this market is one of the severest 
indictments against them. The possibilities of mutual gain to 
both branches are obvious, but they appear to have failed to 
devise a satisfactory basis of contact. The time is now ripe for a 
serious attempt to place upon a practical basis the many pious 
resolutions which have been passed during the last thirty years* 
The future of agricultural co-operation depends, to a large 
extent, upon how the movement meets the general problems out- 
lined above. Greater contact with the Consumers’ Movement 
would stimulate the co-operative marketing of agricultural pro- 
ducts. In any case, a development of co-operative marketing 
would justify the retention of the protective tariffs now offered the 
industry and would tend to influence the Ministry of Agriculture 
to re-establish its schemes of financial assistance as soon as general 
circumstances permit. But it is essential that the possible future 
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spheres of general activity should be reviewed so that co-operators 
should have some idea as to the commodity organisations and 
their forms to which their activities should now be applied. 

Established co-operative organisations will have to consider 
seriously each marketing scheme proposed under the Agricultural 
Marketing Act, 1981. Provision is made in the Act for a period 
to be allowed for consideration of all schemes outlined, but the 
period is limited and it is, therefore, essential that no time should 
be lost in reviewing and, if necessary, making any recommenda- 
tions for amendment. All such recommendations will receive con- 
sideration before the scheme or schemes are permitted to go for- 
ward. But under the Act there is nothing to prevent any co-opera- 
tive organisation suggesting a scheme for the marketing of any 
particular product. In fact this possibility forms an important 
branch of the future work of co-operators. Although it is a most 
difficult task to outline a satisfactory scheme, there is no doubt 
that the past experience and failures ()f co-operative marketing 
organisations would be a valuable basis upon which to build up a 
successful marketing scheme. This has already been accomplished 
in Scotland, where a milk marketing scheme has been built upon 
the experiences of the Scottish Milk Pool. 

Once schemes are in full operation co-operators must consider 
seriously the possibility of service to their members by “ fitting ** 
their co-operative activities within any scheme. It is in this direc- 
tion that present co-operative organisation can make effective 
recommendations for the amendment of schemes. In an area 
where small farmers predominate, organisation is essential to 
place the smaller farmer on an equal status with the larger 
farmers predominating in other parts of the country. Where a 
scheme covers the whole of Britain or even England and Wales, 
the possibility exists that it will apply more effectively to the 
larger farmers and the interests of smaller farmers can only be 
safeguarded by co-operative organisations within the scheme. 

Whilst it may be that undue emphasis is being placed upon 
the application of the Act to agricultural marketing of the future 
and that there is no reason to anticipate that the present plethora 
of schemes will continue, care must be taken at the present time 
as any scheme will have considerable influence upon the future. 
And the future of independent and true co-operation for the mar- 
keting of farm products will always be dominated by the possi- 
bility of organisation under the Act. In fact, before any future 
line of action is determined such a possibility must be borne in 
mind. It may be of interest to note that the majority of present 
schemes are of the nature of “ horizontal combination and little 
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or no work has been done on the possibilities of “ vertical com- 
bination/^ Much has been said in the past on the advantage of 
organisation in bringing the farmer into more direct touch with 
the ultimate consumer in order to avoid duplication of expenses 
so frequent in the present unorganised marketing systems. This 
field offers considerable scope for co-operative organisation of 
agricultural producers and gives a basis upon which producers* 
organisations and the consumer organisations could meet for 
mutual trading and inevitably mutual benefit. But it has' been 
suggested above that future developments in this direction will 
be dominated by any of the present schemes which come into 
operation, particularly where these schemes are tending to per- 
petuate the present system of distribution. 

It is also of interest to note that only national schemes are 
now receiving consideration, though there is nothing in the Act 
preventing the consideration of purely local schemes. For the 
present it appears that local organisation for the marketing of 
products of purely local importance is not likely to receive much 
consideration from the enthusiasts for large collective schemes. 
It is therefore mainly in this direction that the future activities 
of co-operators lie. Particularly will this be important where 
there is a relatively rapid development of agricultural production 
in new directions. But even where there is little or no change in 
the type of products produced the more exacting demands of the 
consumers and the retail trade will necessitate some considerable 
development of collection and joint processing to supply the 
changing market. The marked change in the organisation of the 
wholesale market, particularly the development of standardised 
packing and grading, has made the retail trade a comparatively 
simple business. To enter effectively into this business producers 
of agricultural produce must arrange for the grading and packing 
of their produce in the forms required and co-operation offers a 
very effective method of achieving this at a minimum of cost to 
the farmer. 
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The object of the investigation outlined in this paper was 
to ascertain whether the produce of grasses in the form of pasture, 
hay and aftermath differed in chemical composition when the 
seeds were sown in mixture, in pure plots or in pure drills. 

The land on which the investigation was conducted was 
under grass plots up to 1928. In the autumn of that year these 
were ploughed up and lime applied at the rate of two tons per 
acre. Subsequent to this the land remained fallow until June, 
1929, when a catch crop of crimson clover and mustard was 
taken from it. In February, 1980, the land was again ploughed 
for a spring fallow, and the present plots were sown on the 12th 
of May, 1980. 

For the purpose of the investigation pedigree indigenous seeds 
were used, and the station number of these, together with the 
seeding per acre, is set out below. 


Species. 

Station 

number. 

Pounds per acre. 

In 

mixture. 

In 

pure piots. 

Cocksfoot 

1,163 

8 

25 

Timothy 

852 

8 

15 

Meadow foxtail 

284 


25 

Fine-leaved red fescue 

728 

6 

20 


The plots were four square yards in area,and each drill six 
feet long. In the latter each species was sown at the rate of 
six viable seeds per linear inch. The plots and drills were repli- 
cated twenty-six times, twenty of these replications being used 
for the monthly pasture cuts and six for hay and aftermath. 
A path two feet wide was sown with timothy between the 
traverses of the plots and around the experimental block. Apart 
from a dressing of hme in the autumn of 1928, the land had 
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received no manure, nor was any applied to the plots in the 
present investigation. In July, 1980, the plots and drills were 
cut and the produce removed. This was repeated on the 15th 
of October, 1930. 

The first pasture cut was taken on the 5th of May, 1931, 
and represented the growth from the 15th of October, 1930. The 
dates at which the different pasture cuts were taken were as 
follows : — May 5, 1931 ; June 4, 1931 ; .July 5, 1931 ; and Septem- 
ber 28, 1931. 

The hay and aftermath cuts were taken on June 19 and 
August 27, 1931, respectively. 

Method of Sampling. 

For each pasture cut a mesh having an inside measurement 
of one square foot was used. This was thrown at randon four 
times on each of the small plots and the produce inside the mesh 
cut with a shears. The herbage thus obtained from four square 
feet of each plot was mixed with that obtained in a similar 
manner from the remaining nineteen replications of ,the same 
species, and from this pooled herbage a representative sample 
was taken for chemical analysis. The same procedure was 
adopted in sampling the aftermath, but in the case of hay, the 
whole plot was cut with a scythe and a representative sample for 
analysis taken. 

The plots and drills were kept as free as possible from weeds 
and any that made their appearance in the produce when cut 
were removed prior to chemical analysis. 

The first pasture cut taken on May 5 represented the 
growth made between October 15 and this date. At this time 
all the plots looked well, and those in which the four grasses had 
been sown together — the mixture plots — were even in character 
and the four species were well represented. In the series of plots 
and drills the herbage was some four inches in height and of a 
very leafy character. At the second cutting on June 4 good 
growth had been made though the herbage, as would be expected 
at this period of the season, showed more stem in proportion to 
leaf than at the first cutting. The leaf, however, of all the 
grasses was quite free from any burn. 

The whole area at the third cutting, with the exception of 
the timothy plots, showed a short grassy growth. Timothy at 
this date was stemmy with the inflorescence fully emerged. It 
was observed that the grasses grown in drills were in all cases 
more stemmy in character than those grown in plots. 
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Although the grasses had not been cut for two months the 
bulk at the fourth cutting was small and all showed varying 
amounts of burn with the exception of fine-leaved fescue. 

In Table I the average ratio of stem to leaf in the four pasture 
cuts is given, and where these averages tend to mask certain 
characteristics of growth at certain periods of the season atten- 
tion is drawn to this in the discussion of the results given in this 
tablb. 


TABLE L 

Average ratio of stem to leaf in the four pasture cuts of the four grasses 
grown in a mixture, in pure plots and in pure drills. 


Species. 

Mixture. 

Pure plots. 

Pure drills. 

\)cksfoot 

1: 5.8 

1 

6.8 

1 : 3.2 

Timothy 

1 : 3.5 

1 

3.7 

1 : 2.3 

^oadow f<ixtail 

1 : 10.8 

1 

11.1 

1 : 4.7 

Pine-Ioavcd red fescue 

1 : 12.3 

1 

8.3 

1 : 5.0 


The high proportion of leaf to stem in fine leaved fescue in 
the mixture plot is characteristic of the grass when grown with 
other species, for under such conditions, if well represented, it 
provides a great part of the bottom growth in the form of leafy 
herbage. This high proportion of leaf to stem was very marked 
in the third and fourth cuts when fine-leaved fescue was grown 
in a mixture, and in these cuts the ratio of stem to leaf was 1 : 16 
in the third and 1 : 25 in the fourth cuts respectively. Again 
meadow foxtail in the first, second and last cuts was exceedingly 
leafy, especially in the mixture and pure plots. Thus in the 
third cut the proportion of stem to leaf in the mixture was 1 : 16 
and in the pure plots 1 : 18. It will be seen from Table I that 
the ratio of stem to leaf was consistently higher in all four grasses 
when grown in drills, the difference between meadow foxtail and 
fine-leaved fescue grown in drills compared with the same grasses 
grown in mixture and in plots being very pronounced. 

Of the four grasses under investigation, timothy under the 
three conditions of sowing had the highest proportion of stem to 
leaf in all cuts but the second. In this cut the proportion of 
stem to leaf was higher in fine-leaved fescue owing to the earlier 
maturity of this grass. 

The average percentage composition of the four grasses grown 
under different conditions is given in Table II, and where the 
average figures tend to mask differences in individual cuts atten- 
tion is drawn to this in the discussion of the results. 
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On examining Table II9 the slight differences jin the average 
percentage composition of each of the four grasses sown under 
the varying conditions of the investigation is very striking. Of 
the constituents determined, the nitrogen and potash are seen to 
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be consistently higher, and the lime lower, in the grass when 
grown in drills compared with the same grass grown in a mixture 
or in pure plots. Although these consistent differences are to be 
found when the average composition of the four pastures are 
considered, this was not always the case with the individual cuts. 

For example, the second cut taken on June 4 contained 
a higher proportion of stem to leaf in all the grasses except 
timothy. In timothy, as already intimated, the proportion of 
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stem to leaf was at its highest in the third cutting taken on 
July 0. The effect of the attempt which all the grasses made to 
reproduce themselves in s])ite of the fact that they were cut 
at approximately monthly intervals was that at this period they 
became more stemmy, and this affected their chemical com- 
position. Thus, in the case of cocksfoot, meadow foxtail and fine- 
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leaved fescue, the percentage of each constituent determined was 
lower in the cut taken on June 4 than in that of May 5 or 
July 6, whereas in the case of timothy it was in the July cut as 
compared with June and September that this fall was most 
obvious. Thus, in spite of the fact that the jx^riod of the season 

o 
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at which this attempt of the grasses to reproduce themselves 
varied, its effect on their composition holds true under all three 
conditions of growth. On comparing the average composition 
of the pasture cuts of the individual grasses, cocksfoot and 
meadow foxtail, irrespective of the manner in which they were 
grown, are seen to be richer in nitrogen, phosphoric acid, lime 
and potash than timothy or fine leaved fescue. Cocksfoot and 
meadow foxtail have also a high chlorine content, though 
timothy closely approximates them in this constituent. 

A portion of each of the four samples of pasture cuts was 
separated into stem and leaf and both of these were subjected to 
chemical examination. The result of the chemical examination 
of the stem is shown in Table III. 

Of the constituents determined, it will be noted that the 
nitrogen and potash are higher in the grasses grown in drills, and 
in this respect the stem resembles the whole plant. The stems 
of cocksfoot and meadow foxtail still further resemble the whole 
plant in that their lime content is at its lowest when grown in 
drills. Apart from this, the stems show no consistent differences 
in composition that might be attributed to the particular manner 
in which they were grown.. 

When the composition of the different stems are compared, 
the nitrogen content of cocksfoot, timothy and meadow foxtail 
are generally higher than that of fine-leaved fescue, and the stem 
of cocksfoot is richer in phosphoric acid, potash, lime and 
chlorine than is the stem of the other grasses. 

Further discussion of the results shown in Table III and their 
effect on the composition of the whole pasture plant will be 
facilitated on reference to Table IV, in which the average com- 
position of the leaf of the four pasture cuts is given. 

All the characteristic differences in composition between the 
leaf and stem, to which attention has been drawn in previous 
publications (1), are to be seen on comparing Tables III and IV. 
Thus the Nitrogen and Lime content of the leaf is higher than 
that of the stem, while the phosphoric acid, potash and chlorine 
content of the stem is generally higher than the leaf. 

Taking the grasses in order, it is seen that the average nitro- 
gen and potash content of the leaf, as in the stem, is consistently 
higher in the grasses grown in drills. When the individual 
pasture cuts, however, are taken into consideration this is true 
only for meadow foxtail, for in the last cut of cocksfoot, timothy 
and fine-leaved fescue grown in drills, the percentage of nitro- 
gen is lower than when these grasses are grown in mixture or in 
pure plots. 
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When the average i)ercentage composition of the produce of 
the pasture cuts of the grasses grown under the conditions of the 
investigation are compared, the manner in which they were 
grown does not appear to have any very appreciable effect upon 
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their composition. There are, however, certain small consistent 
differences in chemical composition l^etween them. Thus the 
grasses grown in drills have a higher percentage of nitrogen and 
potash and a lower percentage of lime than the same grasses 
grown in a mixture or in pure plots. This difference in favour of 
the grasses grown in drills is of the type generally found when 
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the composition of the produce of the border rows of experi- 
mental plots is compared with that of the remainder, and doubt- 
less the reason for this is one and the same in both cases. 

Though the difference in chemical composition between the 
pasture cuts grown under these different methods is small, the 
type of growth made by the grasses is considerably affected. 
Thus the grasses grown in drills, as would be expected, made a 
more vigorous growth, with the result that the ratio of stem to 
leaf in these grasses was higher. The composition of the stem 
of the grasses grown in drills, however, was superior to that o| 
the stem of the same grass grown in mixture and in pure plots, 
with the result that the effect of the high ratio of stem to leaf 
on the chemical composition of the produce is not so great as 
that usually associated with such a ratio (2). 

Hay. 

The mixture plots at hay cutting time, ,7une 19th, 1981, 
showed a good blend of all four grasses, fine-leaved fescue being 
the most advanced in growth, the remainder of the grasses 
having few inflorescences. 

In the pure plots cocksfoot was a dense leafy growth with 
relatively few flowering stems, while the timothy plots which were 
the latest in maturing looked well with their stems elongated 
for flowering. Meadow foxtail, although an early grass to flower, 
had very few inflorescences, and its herbage in these plots was 
extremely leafy for a hay growth. 

The grasses grown in drills had in every case produced more 
stem than when grown in either a mixture or in pure plots. An 
indication of the type of growth made by each grass at the time 
of cutting for hay is given in the following Table, where the ratio 
of stem to leaf of each of the grasses grown in mixture, pure 
plots and drills is given. 


TABLE V. 


Specieff. 

Mirtnrv. 

Idlin' plot.'t. 

I 

Pure drills. 

7^cksfoot 

1 : 1.5 

1 : l.H 

1 : 0.5 

Pimothy 

1 : 1.2 

1 : 1.0 

1 : 1.0 

iieadow foxtail 

1 : .3.7 1 

1 : ,3.0 

1 ; 1.0 

F’ine-leaved red fest'ue 

1 : 1.0 

1 : 0.5 

1 : 0..3 


The above Table confirms to a large extent the observations 
made on the appearance of the plots at the time of cutting. All 
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the grasses show a higher proportion of stem to leaf when grown 
in drills. Fine-leaved fescue was the most mature and meadow 
foxtail, both in the mixture and in pure plots, was more leafy 
than any of the other grasses. Further, it may be said that on 
the whole the ratio of stem to leaf is lower when the grasses are 
grown in mixture than in pure plots. 

The following Table gives the result of the chemical exam- 
ination of the hays harvested from each grass grown under the 
different conditions of the investigation. 
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The only consistent difference in the composition of the 
grasses as hay is in their nitrogen content, which is at its highest 
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and lowest when grown in drills and pure plots respectively. In 
this the hay agrees with the majority of the grasses cut as 
pasture (See Table II). The hay and pasture cuts of meadow 
foxtail are outstanding in their nitrogen content, and this is more 
particularly the case when the grass is grown in drills. This 
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latter result in the hay is at hrst sight contrary to what would be 
expected, seeing that when grown in drills the proportion of stem 
to leaf is at its highest. Reference, however, to Table VII shows 
the nitrogen content of the stem of meadow foxtail to be higher 
than the stem of the remaining grasses and to compare very 
favourably with the nitrogen content of the leaf of some grasses 
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grown in mixture and pure plots. Cocksfoot comes next to 
meadow foxtail in its nitrogen content, but in phosphoric acid 
and lime is the richest of the four grasses. A comparison of 
timothy with fine-leaved fescue is of interest in that fine-leaved 
fescue is the earliest and timothy the latest to come to maturity. 
Table VI shows that, irresj>ecive of the manner in which the 
grasses were grown, fine-leaved fescue, as would be expected (8) 
is poorer in all the constituents determined. 

A portion of the hay sample of each grass was separated into 
stem and leaf and both were subjected to chemical examination. 
The result of the examination of the stem is given in Table VII. 

With the exception of cocksfoot, the stem of the remaining 
grasses when grown in drills is higher in nitrogen and potash than 
is the stem of the same grass grown in mixture or in pure plots. 
The phosphoric acid content, on the other hand, is in the majority 
of cases higher in the same grass when grown in pure plots. 

From what has already been said when discussing the com- 
position of the hays, the composition of the stem of fine-leaved 
fescue compared with that of the remainder of the grasses is seen 
to give all the indications of having reached a more advanced 
stage of maturity (4), being poorer in nitrogen, phosphoric acid, 
potash, lime and chlorine. 

The leaves of the hay show similar differences to those 
indicated in the stems, and the results of their chemical examina- 
tions is given in Table VIII. 

The nitrogen in the leaf of the grasses, as in the stem, is 
higher when grown in drills, though the potash, lime and chlorine 
content of the grasses are on the whole lower when grown in this 
manner. A comparison of the leaves of the different grasses 
shows those of meadow foxtail, followed by cocksfoot, to be the 
richest in nitrogen, timothy and fine-leaved fescue being very 
similar in this constituent. The leaf of the hays compared with 
the stem — ^Tables VII and VIII — shows similar differences to 
those already indicated between the leaf and stem of the pasture 
cuts, that is, the leaf is superior to the stem in nitrogen and lime, 
but the phosphoric acid content of the stem is on the whole 
higher than the leaf. 

In the hay, as in the pasture, the nitrogen content of all the 
grasses is higher when grown in drills. Further, the stem of 
most of the grasses grown in drills is higher in nitrogen than that 
generally found in the same grass under ordinary conditions of 
growth. Indeed the nitrogen content of the stem of meadow 
foxtail when thus grown compares favourably with the leaf of 
some grasses grown in mixture and in pure plots. The reason 
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for this superiority in composition of the hay of the grasses 
grown in drills is doubtless accounted for in a similar manner to 
that advanced for the superiority of the pasture of the grasses 
grown in drills. 
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Aftermath. 

All the plots looked extremely well when the aftermath was 
cut on August 27, fine-leaved fescue being particularly leafy. 
The grasses grown in drills were again characterised by their 
high proportion of stem to leaf. 

The Table below, where the ratio of stem to leaf in the after- 
math of each grass grown under the different conditions of the 
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experiment is shown, will give an indication as to the appear- 
ance of the plots at the time of cutting. 

TABLE IX. 


1 

Spericn. 

A/f.r/ f/rr. 

Pure plots. 

Pure flrilh. 

Cocksfoot 

1: 4.1 

1 ; 4.9 

1 ; 8.2 

Timothy 

1 : 3.0 

1 : 3.H 

1 : 1.0 

Meadow foxtail 

1 : 7.4 

1 : 7.2 

1 : .5.5 

Fine-lea ve<l red fescue ... | 

1 : 12.8 

1 : 12.4 

1 : 9.4 


Table IX illustrates the leafiness of the aftermath of fine- 
leaved fescue whether grown in mixture, pure plots or drills. 
Further, the high proportion of stem to leaf in the aftermath of 
the majority of the grasses grown in drills compared with those 
grown in mixture or in pure plots is very striking. In Table X 
the percentage composition of the aftermath of the four grasses 
grown under the different conditions is shown. 

The nitrogen content of the aftermath of the majority of the 
grasses is higher when these are grown in drills than when grown 
in mixture or in pure plots. Meadow foxtail, however, is a 
notable exception, for in this grass the nitrogen is higher in the 
aftermath when grown in mixture, though as pasture and hay it 
agrees with the other grasses in that its nitrogen content is 
higher when grown in drills. The phosphoric acid in the after- 
math is consistently higher in the four grasses grown in pure 
plots, while the lime is at its lowest and the chlorine at its 
highest when grown in drills. 

On comparing the aftermath of the grasses irrespective of 
the conditions under which they were grown, it may be said that 
meadow foxtail provides the aftermath richest in nitrogen 
followe<l by cocksfoot, fine-leaved fescue and timothy being 
similar in nitrogen content. 

A comparison of the aftermath of each grass with the average 
composition of the four pasture cuts — Tables II and X — shows 
that the pasture is generally richer in the constituents deter- 
mined. The aftermath of meadow foxtail, however, is slightly 
richer in nitrogen when grown in mixture and in drills than is 
the pasture of this grass grown under similar conditions. 
A similar comparison of the aftermath with the hay — Tables VI 
and X — indicates that the aftermath in the large majority of 
the constituents determined stands in an intermediate position 
between the pasture and the hay. 
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The aftermath was separated into stem and leaf and both 
were subjected to chemical examination. Table XI gives the 
chemical composition ofiithe stem of the aftermath of each grass 
grown under different conditions. 

Apart from meadow foxtail, the nitrogen and potash con- 
tent of the stem of the aftermath, as in the stems of the pasture 
and hay, are consistently higher in the grasses grown in drills 
than in the same grasses grown in mixture or pure plots. Of 
the remaining constituents, the phosphoric acid in the majority 
of the grasses is higher when grown in pure plots, but the potash, 
lime and chlorine show no consistent differences in the grasses 
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as a result of being grown in a particular manner. A comparison 
of the grasses among themselves shows the stems of meadow fox- 
tail and line-leaved fescue to be richer in nitrogen than the stem 
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of cocksfoot and timothy, but apart from this one constituent 
these two grasses are not outstanding in any other. Thus of the 
four grasses examined the stem of the aftermath of cocksfoot is 
the richest in the remaining constituents. 


On the whole it may be said that the composition of the 
stems of the aftermath occupy an intermediate position between 
those of the stems of pastures and hays. 
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In Table XII the composition of the leaf of the aftermath 
is given. 
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The percentage of nitrogen in the leaf as in the stem of the 
aftermaths is highest in the grasses grown in drills with the one 
exception of meadow foxtail, where the nitrogen as in the stem 
is highest in this grass grown in a mixture. The phosphoric acid 
content of the leaf resembles the stem, being higher in the grasses 
grown in pure plots. 


A comparison of the leaves of the different grasses shows 
that those of meadow foxtail are richest in nitrogen, and that the 
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difference in this constituent is small between the leaves of cocks- 
foot and timothy. 

The general conclusions to be drawn from this investigation 
are : — 

(1) That whether as pasture, hay or aftermath, the nitrogen 
content of the grasses grown in drills is consistently higher than 
in the same grass grown in mixture or in pure plots. This is 
probably due to the factors influencing outer rows, and referred 
to as border effect, in experimental plots. Further, the effort 
made to keep the plots free from weeds would have a more 
disturbing effect on the soil of the grasses grown in drills and 
would resemble hoeing with its attendant influence on 
nitrification. 

(2) That the grasses grown in drills made a more vigorous 
growth and the herbage had a higher proportion of stem to leaf. 
However, the stems of the grasses grown in drills have a higher 
nitrogen content than the stems of the grasses grown in mixture 
or in pure plots. The result of these two facts is that the com- 
position of the herbage is higher in nitrogen than that generally 
associated with a growth of this character. 

(8) That the potash content of the same grass as pasture is 
consistently higher when grown in drills, while the lime of both 
pasture and aftermath is lower when grown in drills than when 
grown in mixture or in pure plots. 

(4) That the phosphoric acid content of the aftermath of the 
grasses grown in pure plots is always higher than when the same 
grass is grown in mixture or in pure drills. 
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NOTE ON THE MINERAL 
CONTENT OF SOME TYPICAT. NORTH 
WALES PASTURES. 

By W. G. D. Waltekb, M.Sc., 

University ('olle^e, Banfjfor. 


Much of the grazing land in North Wales is situated on poor 
upland, and it is well known that stock continually grazing on 
certain pastures eventually show symptoms of a disease, known 
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locally as ‘‘ braner which is apparently the well-known 
disease pica Chemical analyses are not necessary in order 
to be convinced that the mountain grazings in this area have a 
low content of minerals, for stock have been grazing these 
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pastures for generations, during which time no artificial treat- 
ment has been given to maintain fertility. The work to be 
described in the present paper was undertaken with a view to 
ascertaining the extent to which impoverishment has taken place, 
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and consisted in making comparative analyses of samples taken 
from various pastures with known grazing reputation. 

The pastures from which samples were taken include first- 
class fatting pastures and dairy pastures, as well as poor upland 
sheep walks known to be associated with symptoms of mineral 
deficiency, manifested by abnormal appetites, leading to the 
eating of bones, clothes, iron, etc. 

A description of the centres from which samples were taken 
is given in Table I. 

In Table II are given some analytical data for the soils of 
these pastures. 
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In order that the analyses should be strictly comparable, all 
the samples were taken about the same time — in the Autumn of 
1929. Seasonal variation was thus ruled out as far as possible. 

The methods used for the pasture analyses are those 
employed by Fagan (1); the soils were analysed by the usual 
methods. 
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The composition of the pasture samples is 
Table III. 
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Discussion of the analytical figures. 

The figures for phosphate show marked contrasts. The 
average figure for forty-eight samples of good cultivated pastures 
in Great Britain given by Orr ( 2 ) is 0.765 per cent. P 2 O 5 . With 
the exception of two cases, the cultivated pastures analysed in 
this work give a higher figure than this. It must be remem- 
bered, however, that only cultivated pastures of outstanding 
merit were chosen for the present work. The poor pastures 
show great impoverishment of phosphate, the percentages being 
of the same order as those of the pastures in the Island of Lewis. 

Orr gives 1.104 as the percentage CaO in good culti- 
vated pasture herbage. This is a considerably higher figure than 
was obtained for the North Wales pastures. The differences in 
the figures for calcium are less marked than are those for 
phosphate. The large amount of calcium in the Llandegla herb- 
age may be attributed to the fact that the area sampled was a 
lacustrine deposit which receives the drainage from the 
surrounding slopes. The same remark applies to the Pwll-y- 
Garth peat. The Pant Glas herbage is very deficient in calcium ; 
even more so than that of the Island of Lewis. 

In the Llandegla district it is well known that Scotch Black- 
face sheep do very much better than Welsh sheep. The 
Blackface sheep select the heather tips, whilst the Welsh breed 
feeds almost exclusively on the grass herbage. It is significant, 
therefore, that the phosphate and calcium content of the heather 
tips is higher than that of the grass herbage. 

With the exception of the poor grass heath sample, the ratio 
CaO/PgO;. is greater in the poor than in the good pastures. 

Compared with the figures given by Orr, in every case 
the nitrogen figures are higher in the good North Welsh pastures, 
whilst the crude fibre figures are considerably lower. With one 
exception the silica-free ash is lower in the Welsh pastures 

Comparison of the figures for the composition of the herbage 
with soil data does not reveal any marked correlation either 
between herbage CaO and exchangeable CaO, or between herbage 
P 2 O 5 and available PaO.^. The large proportion of organic matter 
in the poorer types doubtless affects the availability of the cal- 
cium and the phosphate. In order to ascertain if this could be 
allowed for, the herbage CaO and PoO^^j were compared with 
exchangeable CaO / (loss on ignition) and available PaO.,, / (loss on 
ignition) respectively. The figures are set out in Table IV. 

Whilst the correlation in the case of the lime figure is still 
doubtful, in the case of the PsO^ figures there does appear to be 
a correlation between the herbage P 2 O 5 and available P 2 O 5 / 

H 
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(loss on ignition). The correlation is not markedly significant, 
but it will be observed that the lowest herbage PjOr, figures 
correspond with the lowest available PoO^ / (ignition loss) 
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figures. It is possible that a closer correlation might have been 
obtained if the organic matter had been used instead of loss on 
ignition. 
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Summary. 

1. The herba^^e of some typical North Welsh pastures has 
been analysed and compared. 

2. The better quality pastures have a high phos])horus con- 
tent ; but the calcium content is rather lower than that for 
average cultivated pastures in Great Britain. 

S. The poor pastures resemble in composition those of the 
Island of Lewis. 

4. There is no marked correlation between the available 
and CaO in the soil and the percentages of these constituents 

found in the herbage. 

5. There is a suggestion of correlation between herbage 
P.jO- and available P:.0,/ (loss on ignition). 
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NATl'HAL CROSSINC; TN OATS. 

By E. T. Jones, M.Sc., 

I’laiit Hreediiijr Station, Nberystwytli. 


Introduction. 

Apart from certain observations made by Jamieson (6) in 
Scotland on the occurrence and effect of natural crossing in oats, 
no information exists relating to the extent to which natural 
crossing in oats takes places in Britain. The oat plant is 
generally regarded as being normally closely self-fertilized, but 
in the literature on the subject evidence is being advanced which 
shows that in the United States of America (1, 2, 3, 5, 7); 
Canada (4); Norway (8) and other countries, natural crossing 
(or cross-pollination) in oats may occur with rather greater 
frequency than has hitherto been recognised. Varieties were 
found to differ appreciably in the readiness with which they are 
cross-pollinated. In certain instances natural crossing was 
observed to be of sufficiently marked frequency to command 
serious attention when critical genetical investigations are feeing 
pursued. 

The importance to the farmer of the existence of a certain 
degree of natural crossing lies in its adverse influence upon the 
general purity of his ** seed sample. If he specializes in 
growing seed for sale rather than growing the crop for feeding 
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purposes, the necessity for occasional or periodic roguing of the 
crop will soon become apparent if pure seed stocks are to be 
maintained. In practice the frequency with which opportunity 
for natural crossing of an adverse character arises, will depend 
upon whether different varieties are grown alongside each other 
in relatively close contact, the eom])atibility of such varieties 
with regard to time of flowering and their inherent capacity for 
relative or absolute self-fertilization. 

Any crossing, however, between plant and plant within a 
particular variety, provided that variety is pure to type, 
theoretically presents no adverse practical effects. When, on 
the other hand, varieties differing genetically are grown along- 
side each other over any considerable length of a field, adverse 
effects on purity through cross-pollination may appear. 

The effects are readily apparent where varieties differ in 
such obvious characters as black and white colour of grain, or 
spreading as contrasted with one-sided type of panicle. They 
are less noticeable, however, but none the less real and detri- 
mental, when the varieties do not differ in prominently marked 
characteristics. 

In farm practice, a single variety is generally grown over a 
relatively large area and only very infrequently in close situation 
to another variety. Under such conditions the chances of adverse 
cross-pollination are very remote. To the grower, therefore, who 
deals with relatively large areas of but one or two varieties, the 
incidence of a small degree of natural crossing is not likely to 
be a serious source of seed contamination. Mechanical admixture 
arising through sowing, harvesting, storing or threshing opera- 
tions is in general the more likely source of such contamination 
as may be found to exist. 

To the plant breeder, on the other hand, who deals with 
numerous distinct strains, and develops these in small and often 
closely adjacent drills or plots, the prevalence of even a small 
degree of natural crossing can become a very hampering element. 
This is especially true in the process of raising new stocks of seed 
on a head-to-row basis from single head selections, whether in 
the process of pure lining old varieties or in developing strains 
of new varieties raised by controlled hybridization. It is 
obviously, therefore, of much importance to the plant breeder to 
know something of the extent, if any, to which natural crossing 
takes place and particularly of its presence or absence under 
the conditions of his own experimental grounds. Following the 
appearance of naturally crossed plants in the breeding nurseries 
of the Welsh Plant Breeding Station farm, it was decided in the 
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spring of 1925, by appropriately arranged drills and plots, to 
endeavour to collect data upon its frequency and relative 
extent. 

Methods and materials. 

The methods of experimentation adopted were not the same 
throughout the whole period of the investigation. In the seasons 
1925 and 1926 the method followed was similar to that employed 
by Stanton and Coffman (7). Varieties were chosen in pairs on 
a basis of similarity in time of flowering and dissimilarity of 
grain colour (e.g. black and white colour of grain). Single heads 
were taken, the seed removed and sown side by side on a head-to- 
row basis in drills five feet long and one foot apart. First the 
seed from a head of a white variety, then the seed from a black 
variety until a series of head-rows of white alternating with head- 
rows of black were sown. By this method of layout the extent 
of inter-row cross-pollinations can be determined. When a 
floret of a white-grained variety is pollinated by pollen from a 
neighbouring drill of black-grained plants, the fertilized grain 
arising therefrom will in the following season give rise to a hybrid 
plant bearing grain of black colour (black being dominant to 
white). To make certain, however, that such a plant is a true 
hybrid black plant and not a rogue occurring through admixture 
it is necessary to har\est carefully all such plants and sow 
the seed obtained therefrom the succeeding year in order to 
observe their breeding l>ehaviour. The segregation of white- 
grained plants in this season is taken as evidence of natural 
hybridity. 

The method as outlined requires three seasons in order to 
complete the investigation. In the first season the pairs of 
varieties are sown in a series of head-row drills. In the second, 
the whole, or a proportionate part of the grain from each head- 
row of the white variety, is sown in separate drill-plots and an 
examination is made at harvest for hybrid black-grained plants. 
In the third season the grain from the observed black-grained 
plants is sown as spaced single grains and the presence or 
absence of segregation noted. 

In order to arrive at an exact determination of the 
percentage natural crossing, the seed from the individual head- 
rows of the white variety should be sown as spaced single grains 
in the second season to permit a count of the individual plants 
being made at harvest time. Owing, however, to limitations 
of space and the amount of labour entailed this could not be 
done in the present investigation. The seed in the second season 
was therefore sown in drill-plots at a measured weight of seed 
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for each drill. As far as space permitted all the seed resulting 
from each separate head-row of the white member of each pair 
was sown, and the approximate number of plants raised was 
determined by making counts of representative sample lengths 
of the drill plots. From the average figure so derived the total 
number of plants for each plot was estinaated. The head-rows 
of the black varieties were discontinued after the fir^ season, 
the observations on natural crossing being confined to the Bead- 
rows of the white varieties. 

Slight modifications of the above procedure were introduced 
in 1027 and the two subsequent seasons. Instead of sowing the 
alternate drills with seed derived from a single head, they were 
sown with carefully selected bulk seed of the respective varieties. 
This permitted sowings to be made at a heavier seed rate and 
gave rise to denser plant establishments. This change was 
introduced owing to the poor establishments which resulted from 
head-to-row sowings in 1926. 

In addition to the method of sowing blacks and whites in 
alternate drills, a series of plots were laid down in the seasons 
1926, 1928 and 1929 with seed prepared by thoroughly * mixing 
equal weights of suitably paired black and white grained 
varieties. This mixed seed was then sown at a measured rate for 
each plot. These plots were made up of live or more drills 
arranged side by side, the drills being five feet long and one foot 
apart. At harvest time the produce of these plots was 
separated into its black and white components, the former were 
discarded and the latter threshed and used for sowing in the 
following season as in the ‘‘ alternate drill ” series, when 
observations were made for the appearance of hybrid black 
grained plants. 

The ‘‘ mixed seed ’’ method of lay-out was employed in 
order to determine whether natural crossing would occur more 
frequently under the closer conditions prevailing between the 
black and white members in this lay-out than under the some- 
what more widely separated conditions of the ‘‘ alternate drill 
series. 

The varieties studied in these experiments were, in the main, 
cultivated forms of A.tiativa, such as Scotch Potato, Victory, 
Record, Yielder, Radnorshire Sprig, Black Tartar and Black 
Bell III. Other members of this species used and less commonly 
cultivated were Orion, Nigra, Kosthavre, Avoine Noire and 
Garton^s Early. The remaining varieties belonged to the species 
AMerilis culta (Red Algerian, Early Ripe and Red Rustproof), 
A^nuda, A.brevis and A.strigosa. In the tables where the 




TABLE 1. 

Alternate-drill " tenet, ihowing Mumnarixcd procedure and data relating to the fire teatont, 1925 - 29 , inclutiTe. 


Varieties Paired. 

No. of 
head-row!) 
OT 5' 
nws. 

dtnml plnnt 
establkhmenli. 

Commfnr- 
iny panicle 
exuertion. 

Amount 
of seed 
sown. 

No. of 
separate 
plots. 

Total No. 
of o' 
drills 
{atlplots). 

Number of 
black-mined 
plants. 

Behaviour of black-grained 
panicles in respeet of 
colour of grain. 

EquitalrrU in 
terms of no. of 
naturaUy tressed 
plants per acre.* 

Season I92S. 

10 



All 

10 

Suceeadini 

19 

taaton. 

None 

Succaeding season. 


Do. (dark erey) 

10 

F. good 

June 18 

All 




10 

Thin 


.\II 

8 

13 

1 in plot 8 

Segregated into blacks and 
non-blacks. 

670 


10 

Good 

June 19 


(2 poor 
& disctd.) 







Yielder 

10 

V. good 

V. good 



9 

42 

None 




10 

June 26 


(1 disctd) 










10 

V. good 

V. good 

July 3 
July 5 

Part 

10 

50 

1 in plot 1 

Segregated into blacks and 
whites. 

174 

Black 'Beil iii 

10 















1 In plot 3 


174 


10 

V. good 

July 5 




whites. 








10 


July 3 
July 10 







Do. (dark grey) . 

10 

Good 

Di-seontin 

ued owing 

to unsultab 

le pairing. 




10 

V, fair 

V. fair 

July 7 
July 8 

All 

10 

22 

2 In plot 9 

Bred true. 



10 











140 




57 

196 


3 segregated. 

133 






Season 1926. 

10 

R. poor 

R. poor 


All 

4 

4 

1 in plot 3 

Bred true. 


Do. (dark prey) 

10 

June 26 





10 

R. poor 
Moderate 


All 

5 

0 

None 




10 

June 23 












Yielder 

10 

Poor 

Poor 

July 2 
July .*• 

None 







10 














10 


July 5 
July 6 

None 






Black Bell III 

10 

Poor 














10 


July 7 
July 7 

AU 

8 

22 

None 



Hack Tartar 

10 

Moderate 













10 

Some F. good 
Some F. good 

July 7 
July 8 

AH 

7 

9 

None 



Black Norway 

10 













140 



j .Ml 

24 

40 

1 

None segregated. 








StaMfl tm. 

Btriy Ripe 

8 

V. thin 

V. thin 

June 17 

All 

8 

9 

1 in idot 3 

2 in ph>t 4 

3 segregated. 

2,908 

Orim 


June 20 











4. tmda 

8 

V. thin 

V. thin 

June 20 

All 

! ^ 

9 

.None 



Higia 


June 24 














^tato 

8 

V. thin 

July 4 
July 4 

All 

8 

36 

None 



Black Tartar 

8 

V. thin 















Record 

8 

V. thin i 

Thin 

July 4 
; July 6 

All 

8 

17 

None 



Hack Norway 

8 















Total : 4 pairs 

64 



All 

32 1 

71 

3 

3 segregated. 

368 







Season 1928, 

Qarton’s Early 


V, good 

V. good 

j 

June 14 , 

1 All 

4 

33 

10 In plot 2 

1 in plot 3 

4 bred true (ex plot 2) 

2,112 

Orion 

5 

June 14 1 

[ ^ 



1 in plot 4 

8 segregated. 







Hulga 

5 

V. po(.ir 

V. good 

June 14 1 







Orion 

5 

June 19 I 

Disontinu 

ed owing 

to iwor 

.seedling esta 

bUshment. 






Bed Rustproof 

5 

V, good 

V. good 

Jun<* IT 1 

! All i 

5 

28 

4 in plot 3 



Avolne Noire 

5 

June 17 ■ 

1 





2 in plot 4 

Ail bred true. 




j “ 1 



1 in plot 5 


A. brevU (white) 

5 

V. good ! 

V. good 

June 19 


5 

42 

None 



Do. (dark grey) 

5 

June 16 

AH 1 


' - 




Victory 

5 

V. good 

V. good 

June 28 

All 

5 

30 

1 in plot 3 

AH 4 segregated. 

1,160 

Black ‘BeU III 

5 

June 29 



— 

2 In plot 4 






1 in plot 5 



Rmtch Potato 

- 

V. good 

V. good 

June 29 

AH { 

5 ‘ 

44 

1 in plot 5 

Bred true. 


Black Tartar 

5 

June 30 


-1 











Total : 5 pairs 

50 



AH j 

24 

177 

24 

12 segregated. 

588 






Seaton 1929. 

Oarton’s Early 

5 

Good 
' Good 

June 25 

1 

1 All 

5 

57 

1 In plot 1 

1 in plot 3 

3 segregated ; 1 bred true (ex 
plot 5). 

459 

Orion 

5 

June 25 




2 in plot 5 








Potato 

5 

1 Good 

JiUy 9 
July 10 

AU 

5 

50 

1 in plot 1 

Bred true (pure Black Tartar). 


Black Tartar 

5 

Good 













EOsthavre 

5 

F. good 

F. good 

July 12 
July 11 i 

i AH 

5 

43 

None 



Black Bell III 

5 















Total : 3 pairs 

30 



! *" 

15 

150 

5 

3 segregated. 

174 








Sum total 




1 

152 

634 1 

38 

21 segregated 

290 










• Eatimated on a basis of 9,712 flve-foot drills to an acre. 
•• Seed of one lot damaged by mice. 


To face page 119. 
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varieties are listed in pairs, the white-grained variety is in all 
cases given first, followed by the varietal name of the black- 
grained member. 

Varieties were chosen according to time of flowering in such 
a manner as to give pairs of varieties flowering at different dates, 
that is, at early, medium and late flowering periods. This 
arrangement enabled the data to be examined in relation to the 
time of flowering as well as in respect of the general frequency 
of natural crossing. 

All the trials were laid down in the spring of each season. 

Experimental data. 

The “ Alternate-drill ’’ Series. 

In the “ alternate-drill ** series of trials several pairs of 
varieties were tested; one pair was repeatedly used in all five 
seasons while others were grown in only one, two or three 
seasons. The more important observations and data relative to 
these trials are set out in tabulated form in Table 1. For each 
of the five seasons details of the varieties tested, the procedure 
in the second and subsequent season, and the number of natural 
hybrids observed are separately shown. 

Season 1925. 

In this season seven pairs of varieties were grown. General 
plant establishments on the whole were good, although many rows 
of the variety Red Algerian were rather thin. With the excep- 
tion of the A.strigosa pair, all lots matched up very closely in 
respect of panicle exsertion and time of flowering. 

Panicle exsertion in this season ranged from June 18th to 
July 10th, giving a difference of three weeks between the earliest 
and the latest variety. It was found that the anthers of the 
uppermost spikelet of the panicle generally dehisced within from 
six to eight days from the time of its emergence through the leaf 
sheath, that is, from the date of what is recorded in Table I as 
the commencement of panicle exsertion.** The maximum 
flowering condition was reached a few days later. 

Separate progeny plots were grown the succeeding year from 
all the head-rows of the white varieties with the exception of 
A.strigosa (white) which was not suitably matched, two poorly 
established rows of Red Algerian and one row of Yielder. In 
the case of A. brevis, Red Algerian and Record all available seed 
was sown, while a proportionate part of the seed from each head- 
row was sown of the varieties Yielder, Victory and Scotch 
Potato. Altogether the plots comprised 196 five-foot drills, and 
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five black-grained plants were found and removed at haiVest 
time. Three of the latter in the following year showed segrega- 
tion for grain colour and were, therefore, regarded as natural 
hybrids, two bred true and were considered to be rogues. The 
former were from plots of Red Algerian, Victory and Scotch 
Potato. No natural hybrids were observed in the progeny plots 
of A. brevis, Yielder and Record. The average extent of natural 
crossing represents one hybrid plant in every 65 drills raised 
from head-rows of the white-grained varieties, or on an area 
basis, an average equivalent to 13B hybrid ]>laiits per acre. 

Season 1926. 

The same pairs of varieties with the omission of A.strigosa 
were again set up on a head-to-row basis in 1926. In this 
season establishments were poor, brairding being thin and very 
patchy in nearly all the lots. Progeny plots were grown from 
only 24 of the 70 white-grained head-rows, the remainder being 
discarded owing to the unsatisfactory nature of the establish- 
ments. One black-grained plant was found in a plot of A.hrevis 
(white) but none in plots of the other varieties. The black- 
grained A. brevis plant in the next season was observed to breed 
true and was therefore not the offspring of a natural cross. The 
absence of any naturally crossed plants in this set of experiments 
was attributed to the poor seedling establishment in the paired 
drills in 1926 and the consequent lack of proximity between the 
plants of neighbouring drills. That it was not due to any seasonal 
effect was shown by the occurrence of naturally crossed plants 
in the plots of the ** mixed seed series growing alongside and 
sown at the same date. 

Season 1927. 

In the 1927 tests changes were made in the varieties used. 
The Potato-Black Tartar and Reconl -Black Norway pairs were 
continued, but the others were displaced by Early Ripe-Orion 
and A.nuda-Nigrn. Although the drills in this season were sown 
with a weighed amount of seed for each, instead of the restricted 
amount of seed provided by a single head, estabRsEments were 
nevertheless thin and somewhat unsatisfactory. As shown in 
Table I, all the grain from each head-row of the white varieties 
was sown in separate plots in the succeeding year. All bred 
true for white colour of grain with the exception of two head- 
row progenies of the variety Early Ripe from which three black- 
grained plants were removed, one from plot 8 and two from 
plot 4. These three plants segregated for colour of grain in the 
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following season. The ratio of black-grained plants to the total 
number of 5-foot drills for 1927 represents an average of one to 
approximately 24 drills, which is more than two and a half times 
that found in 1925, and is equivalent to 508 plants to the acre. 

Season 1928. 

Six pairs of varieties were laid down in 1928 but the number 
of drills was restricted to five for each variety (ten per pair). 
With the exception of the Mulga-Orion drills, establishments 
were very good and matching up at the time of heading was 
quite satisfactory. In this season heading dates were, in 
general, about a week earlier than in preening seasons. The 
number of natural crossings which took place was higher than 
in former years, there being a total of four in three of the five 
plots derived from the Victory-Black Bell III pair, and six in 
three plots of Carton’s Early, which had been paired with Orion. 
Other black-grained plants were obtained but their breeding 
behaviour showed them to be rogues and not natural hybrids. 
No natural crossing occurred in plots of Red Rustproof, A. brevis 
and Scotch Potato. The extent of natural crossing for this season 
was approximately one hybrid in 18 drills, an average equal to 
588 plants per acre. This was the highest proportion obtained 
in the whole of the alternate-drill ” series. 

Season 1929. 

Only three pairs were tested in 1929, two were late and 
one was early in ripening. Scotch Potato was paired with Black 
Tartar, Kosthavre with Black Bell III, and Carton’s Early with 
Orion. Establishments were good and the pairs were well 
matched with regard to time of heading. In the succeeding year 
one black-grained plant was found in a plot of Scotch Potato 
and four in three plots of Carton’s Early. The former bred true. 
Three of the four plants of Carton’s Early segregated and were 
definitely natural hybrids, this being the only variety showing 
natural crossing in this season. The general ratio for 1929 was 
one natural hybrid to 50 drills, or a proportion equal to 174 
plants per acre. 

Taking the alternate-drill ” series as a whole, a total of 
21 segregating black-grained plants was obtained, or the 
equivalent of an average of 290 to an acre. 

The ** mixed-teed ** series. 

In the mixed seed ” series separate tests were conducted 
in the three seasons 1926, 1928 and 1929 and the summarized 
results are given in Table 11. 



122 The Welsh Journal of Agriculture. 




Natural Crossing in Oats» 


ITS 

Season 1026, 

Five pairs of varieties were sown in 1926 in small five-drill 
plots, two early, one medium-early and two late ripening pairs. 
Unlike the alternate-drill ’’ series sown this season, plant 
establishments were reasonably good. Kxsertion dates for the 
individual members of each pair were not separately ascertained 
and the date of the commencement of panicle exsertion shown in 
the table applies to the plot in general. Comparisons with 
observations in the ‘‘ alternate-drill ’’ series show that the 
varieties sown in the mixed seed plots were reasonably well 
matched in respect of time of heading. In the progeny plots raised 
of the separated white-grained members of each mixed plot 
twelve black-grained plants were observed, three in the plot of 
Early Ripe and nine in the Victory plot. Eight of the latter 
were later demonstrated to breed true and were therefore not 
products of natural crossing. No natural hybrids were present in 
plots of Scotch Potato and Red Rustproof. This gives a total of 
four natural hylmds in 44 drills, which is equal to 492 plants per 
acre. 

Season 1928, 

In 1928 four pairs were tested in plots double the size of 
those employed in 1926. Establishments were satisfactory and, 
as in the ‘‘ alternate-drill series alongside, heading commenced 
at an earlier date than in former seasons. Black-grained plants 
were found in the progeny plots of three pairs, but those found 
in the plot of Red Rustproof were later shown to breed true, 
thereby reducing natural crossing to only two of the pairs of 
varieties. Six black plants were found in Victory and eight were 
removed from Carton’s Early. Of the former, five, and of the 
latter, six, showed segregation and were obviously natural 
hybrids. No naturally crossed plants were found in plots of Red 
Rustproof and Scotch Potato. This gives a total of eleven 
hybrids in 188 drills, or an average equal to 506 plants per acre. 

Season 1929, 

In the third and last season three pairs were tested, one 
early and two late in ripening. Plant establishments were 
moderately good and heading dates were about a week later 
than in the 1926 season. In 1980 three black-grained plants 
were found in the progeny plot of the Kosthavre-Black Bell III 
pair, and four in the corresponding plot of Garton^s Early-Orion, 
These in the breeding tests conducted in 1981 all showed 
segregation and were regarded as natural hybrids. No naturally 
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crossed plants were found in plots of Scotch Potato. The total 
nunGiber of cross-fertilized plants in this season was seven in 100 
drills, or a proportion equal to 609 plants per acre. 

All told, the “ mixed seed ’’ series gave 22 hybrid black- 
grained plants, or an average equal to 576 plants per acre. 


Discussion of Results. 

The data presented in Tables 1 and 11 show very clearly 
that under the conditions prevailing in these experiments 
natural crossing is of very definite occurrence. Its presence is 
apparent in each of the five seasons during which the trials were 
conducted. In its frequency and distribution inherent differences 
between varieties appear to play an important part, for some 
varieties seem to be more susceptible than others. This is 
readily seen in Table 111 where the re-arranged data are brought 
together in a condensed form and the varieties listed in the order 
of relative earliness to ripen. In this table the degree of natural 
crossing is, for convenience of comparison, given as a percentage 
amount for each variety. 

Comparing in a general way the influence of earliness and 
lateness on natural crossing, members of the early group show 
a definitely higher proportion of natural crosses than the lates, 
namely, 0.09 and 0.38 per cent., as against 0.008 and 0.084 and 
0.059 per cent, respectively. In both groups, however, there are 
varieties which show a complete freedom from cross-pollination. 
In the medium-early group only one natural hybrid was obtained, 
while three of the four varieties show complete absence of 
natural crossing. The numbers here are small and some caution 
is needed in making generalizations between or within the groups. 
Further, the groups, it will be observed, are differently con- 
stituted, inasmuch as the early and medium-early groups each 
contain representative varieties of three different species whereas 
the members of the late group all belong to the commonly 
cultivated species A.sativa, According to observations made by 
Griffee and Hayes (8), Garber and Quisenberry (1) and others, 
varieties of A.sterilis culta are prone to exhibit a greater 
susceptibility to natural crossing than varieties of A.sativa. It 
may therefore on this account be misleading to compare Early 
Ripe, for instance, with Victory or Scotch Potato in order to 
make deductions as to the influence of time of ripening on the 
degree of natural crossing. We may, however, compare 
Garton’s Early with Victory (both being members of A.sativa) 
and in this case although the early variety shows the higher 
degree of natural crossing the difference is not so marked as that 




TABLE III. 

Summary of natural croiiing data, ihowing percentago figurti for each variety, 1925*29, incluiive. The varietiei are listed in the order ofearlineii to ripen. 



ilhp blaok-plned variety with which the white variety wm paired is shown In brackets. 
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crossed plants were found in plots of Scotch Potato. The total 
number of cross-fertilized plants in this season was seven in 100 
drills, or a proportion equal to 609 plants per acre. 

All told, the “ mixed seed ” series gave 22 hybrid black- 
grained plants, or an average equal to 576 plants per acre. 


Jilpc, instance, with" TieW^ Potato in order to 

make deductions as to the influence of time of ripening on the 
degree of natural crossing. We may, however, compare 
Garton’s Early with Victory (both being members of A.sativa) 
and in this case although the early variety shows the higher 
degree of natural crossing the difference is not so marked as that 
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between Early Ripe and Victory. Seasonal influences and 
differences due to time of flowering cannot, however, be dis- 
regarded in this connection. Before commenting on these it would 
be well to consider rather more critically the significance of the 
observations for the individual varieties. 

As far as those varieties which show some degree of natural 
crossing are concerned there is little to state except that the data 
on the whole may be regarded as representing approximately the 
average amount of crossing which under the experimental condi- 
tions would take place. On the other hand, in connection with 
those varieties which show a complete absence of natural cross- 
ing, possible inherent limitations in the nature of the experiments 
must be examined if a right interpretation of the results is to be 
arrived at. 

There arises here the question whether the absence of natural 
crossing in these varieties is due to inherent freedom from sus- 
ceptibility to cross-pollination or to restricted pollen dispersion or 
some such cause on the part of the black varieties with which 
they were individually paired. On reference to Table III it will be 
observed that where Orion has been used as the black-grained 
member of a pair, a certain amount of natural crossing has in 
all cases occurred. The same is true of Black Bell III, but not 
of the other black-grained varieties. It seems, therefore, open 
to doubt whether the absence of natural crossing in these varieties 
is due to some inherent floral mechanism or floret behaviour 
which invariably ensures self-fertilization, or whether it is a case 
of the absence of pollen in sufficient degree or at the right time 
to permit cross-pollination to take place. This ambiguity arising 
out of possible limitations on the part of the variety selected as 
pollinating parent was not foreseen when these experiments were 
begun. It arises, therefore, as a matter for further investigation. 
It is a problem which could readily be tested by comparing 
relative cross-pollination in Red Algerian and Red Rustproof 
when paired with Orion on the one hand and Avoine Noire on the 
other. Also by pairing Victory, Potato and Record with Black 
Bell III and Black Tartar respectively. Space and labour are 
limiting factors in the conduct of an investigation of this kind, 
but some further data are definitely needed to enable a con- 
clusive interpretation to be made.^ 

The meteorological conditions experienced during the flower- 
ing periods in the seasons under review are presented in Table 
IV. In a general way it will be observed that in the matter of 

1 It is proposed to begin a limited series of trials along the lines 
indicated with Potato, Record and Victory in the present season (1938). 
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maximum and minimum temperatures variations from season to 
season for the June and July periods fluctuate rather less than 
do the differences between the June and July periods within each 
season. As far, therefore, as the early and late ripening varieties 
are respectively concerned, the seasonal influences do not vary 
together over the whole flowering period, and on the average 
slightly higher temperatures prevail for the late flowering types. 
The accumulated temperature is also higher during the period 
when the late varieties are in flower. Early and late varieties, 
therefore, flower each season under slightly different temperature 
conditions. 

Owing to the generally low degree of natural crossing present 
and the somewhat high fluctuations between variety and variety 
it is not possible to trace with some degree of consistency any 
definite influence of season on the amount of crossing which 
appeared. The difficulty of doing so is increased by changes made 
in the varieties under study from season to season and the low 
degree of crossing or its complete absence in those varieties which 
were included in three or more tests. Thus Scotch Potato, which 
was included in all the trials, is valueless, as it gave no natural 
hybrids except in the alternate-drill series in 1025, when just 
one hybrid plant was obtained. 

The influence of the two methods of lay-out adopted in the 
investigations upon the extent of natural crossing is perhaps best 
studied by comparing just those varieties which were common 
to both series and which have fairly consistently exhibited some 
degree of natural crossing. The observations relating to these 
are separately shown in Table V. The percentage figures for the 
two methods are 0.088 and 0.087 in “ alternate-drills ’’ and 
“ mixed seed ’’ respectively. These agree very closely and 
indicate that under the prevailing conditions of these tests natural 
crossing was as readily effected between members of adjacent 
drills as between individual plants within the same drill. 

Table V also serves to emphasise the fact that in respect of 
the eleven white varieties tested in these investigations, thirty- 
eight of the forty-three natural hybrids obtained were found in 
the three varieties listed in this Table, namely, Early Ripe, 
Carton’s Early and Victory. 

Viewing the results as a whole, however, the percentage 
figures in the mixed seed ” series (see Table III) show 
decidedly less fluctuation than those in the alternate drill ” 
lay-out. 

In their account of studies of natural crossing in oats at 
Akron, Stanton and Coffman (7) have pointed out that the actual 




TABLE IV. 

Meteorological recorda rabtiBg to the Bowering periods during the seasons 1925-29 respectirely. 
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maximum and minimum temperatures variations from season to 
season for the June and July periods fluctuate rather less than 
do the differences between the June and July periods within each 
season. As far, therefore, as the early and late ripening varieties 
are respectively concerned, the seasonal influences do not vary 
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degree of natural crossing which takes place within or between any 
given drills is twice that actually obtained by calculation based 
upon the appearance of the hybrid black-grained plants. This 
is explained on the basis that it is reasonable to assume that as 
black and white plants are associated in the tests in about equal 
numbers, there are equal chances of white being pollinated by 
pollen from an adjacent white plant as from an adjacent black 


TABLE V. 

A comparison of the frequency of natural crossing between the 
** alternate-drill ** and mixed seed ** series of trials. 



A H rmatc-ihill '* 

‘‘ Mixed-seed ” 


series. 

ser 

ies. 

Vnrioly. 

\o. of 

.Vo. of 

.Vo. of 

No. of 


plants 

nalnral 

plants 

natural 


v.raniined. 

crosses. 

e.ramincd. 

crosses. 

Karly Ripe ... 

\^m 

8 

7‘JO 

8 

(^nrton’fi Knrly ... 

10,800 

11 

I‘i.480 

10 


9,600 


8,760 

0 

Total 


19 

21,900 

19 

Pereenta^e 

0.088 


0.087 



plant. In the observations, however, it is only the latter which 
are separated as natural hybrids ; the former are generally indis- 
tinguishable from uncrossed whites and therefore cannot be taken 
into account. 

A tabulated comparison of the results j)resented in the present 
paper with those obtained by investigators elsewhere is given in 
Table VI. 

The figures for the varieties showing lowest and highest f>er- 
c'entages respectively (columns 4 and 5) are seen to differ relatively 
widely as also do the figures which relate to the actual percentage 
of hybrid black-grained plants observed. The latter, however, 
have in all cases been calculated on the basis of the total numhei 
of plants studied and are thereby influenced by the presence or 
absence in the respective trials of varieties which show no natural 
crossing. The actual numbers of these are set forth in columns 
() and 7 of the table. After allowance is made for these differ- 
ences the percentage figures for the Aberystwyth area are seen 
to be decidedly lower than those hitherto obtained abroad. 

A more detailed examination of all the recorded data shows 
that the highest degree of natural crossing pre\’ails in varieties 
of A, sterilis culta and some A, nudn members, while the varieties 
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which show least or no natural crossing most frequently belong 
to the species A. sativa. Varieties of the latter species as a whole 
flower rather later than do members of A. sterilis culta. These, 
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under conditions at Aberystwyth, flower generally round about 
or shortly after the time when the days are longest, whereas 
medium-late varieties like Victory, Potato and Record flower 
later and under conditions generally of slightly higher average 
temperatures. This was true at least of the seasons 1925-1929 
inclusive. The evidence nevertheless seems to indicate that the 
differences between the members of the two species are probably 
inherent and genetical, but whether the time at which flowering 
takes place has any accentuating effect upon the frequency of 
natural crossing cannot be decided from the data so far assembled. 

Considering the data presented in this paper from the view- 
point of their significance in relation to the problem of raising 
pure line stocks of seed, it is necessary to examine the figures 
from a somewhat different angle, namely, that of the frequency 
with which cross-pollination occurs between one head-row drill 
and its neighbour, for it is the extent of crossing of this kind 
rather than the percentage crossing which affects the absolute 
purity of the head-rows as initial stocks. Referring to Table I 
the numbers of head-rows subjected to the possibility of cross- 
pollination by neighbouring drills are shown in column 2. If 
we total up these for each variety, and from column 8 of the 
same table obtain the number of occasions when one or more 
hybrid black-grained plants were obtained in each separate 
progeny plot raised therefrom, we shall arrive at a figure showing 
the number of impure stocks which actually occurred. These 
are set forth in Table VII. 

The results expressed in this manner are somewhat disquiet- 
ing inasmuch as that fourteen out of seventy-three progenies 


TABLE VII. 

Showing the number of head-row progenies in the ** alternate-drill ” 
series which were impure on account of natural crossing. 


Variety, 

Number of separate 
head~roW8 or 5- foot 
row progenies 
grown. 

Number of progenies 
in which one or more 
hybrid black-grained 
platits were observed 

Early Ripe 

8 

2 

Garton^s Early 

9 

6 

Red Algerian 

Id 

1 

Victory 

15 

4 

Scotch Potato 

28 

1 

Total 

78 

14 
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raised on a head>row or 5-foot drill basis became impure in the 
very first season in which they were laid down* It is true the 
percentage impurity of the individual stocks may be very low, 
but the fact remains that only fifty-nine of the seventy-three 
stocks can be described as being 100 per cent. pure. 

If we include in our observation those varieties which showed 
no out-crossing, the figures obtained are fourteen impure in a 
total of 152 progeny plots. The proportion is much reduced, 
but it nevertheless means that in a miscellaneous collection of 
head-row stocks the chances are that 10 per cent, on the average 
would show some measure of impurity as a result of cross-pollina- 
tion. Where the out-crossing is with a variety possessing a 
distinctly dominant grain colour or other distinguishing dominant 
feature the out-crosses if immediately rogued would not be 
detrimental to the genetical purity of the stock, except in so far 
as pollen from such plants might have led to further contamination 
within the stock. Where identification is impossible through 
out-crossing with strains of similar appearance but different 
genetical breeding the certainty of attaining absolute parity of 
the stock becomes a difficult matter. In such cases steps would 
have to be taken to raise stocks in plots spaced at sufficient 
distances apart to ensure complete freedom from any possibility 
of cross-pollination. 


Conclusions and Summary. 

Of eleven white-grained varieties studied in the seasons 1925- 
1929, naturally crossed black-grained plants were obtained in six 
varieties, while no crossing occurred in the remaining five 
varieties. In connection with the latter it was not entirely clear 
whether the absence of natural crossing was in all cases due 
to inherent immunity to natural cross pollination or to a 
restricted pollen dispersion (or some such cause) in point of time 
or quantity on the part of the particular black-grained varieties 
with which they were paired. 

The lowest percentage, 0.008, of hybrid black-grained plants 
was exhibited by the variety Scotch Potato (A. sativa); the 
highest, 0.88, by Early Ripe (A. sterilis culta). 

Members showing no black-grained hybrids were A. brevis, 
A. nuda, A. sterilis culta, var. Red Rustproof, and the A. sativa 
varieties Yielder and Record. Those susceptible to natural 
crossing were Early Ripe and Red Algerian (A. sterilis culta), 
and Carton’s Early, Victory, Kdsthavre and Scotch Potato 
(A. sativa). 
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Altogether forty-three hybrid black-grained plants were 
found in a total of 115,920 plants examined. This represents a 
percentage of 0.037. Excluding varieties showing no natural 
crossing the percentage figure rises to 0.058. 

On the basis of the absolute degree of natural crossing taking 
place as distinct from the number of hybrid black-grained plants 
observed, these figures, as indicated in the discussion, should be 
doubled, and they would then become 0.074 and 0.116 respec- 
tively. These average figures are nevertheless appreciably lower 
than any hitherto published. 

Viewed from the standpoint of the influence of natural 
crossing upon the production of pure stocks on a head-row or 
5-foot drill basis at spacings of one foot apart, the investigations 
show that fourteen stocks out of seventy-three among varieties 
showing some degree of crossing, were observed to be impure. 
Taking the results as a whole, that is including those varieties 
which show none as well as those which show some natural 
crossing, 10 per cent, of all stocks growing in the “ alternate- 
drill ’’ series were found to contain some degree of impurity 
arising from crossing. Regarded from this angle natural crossing 
in oats occurs with a sufficient frequency in certain varieties to 
cause serious interference in the production of pure stocks of 
seed initiated on a head-to-row basis. 


Acknowledgments. 

The writer is indebted to Professor R. G. Stapledon, C.B.E., 
M.A., for his helpful interest in the work; to Mrs. E. E. Evans, 
B.Sc. (nee Miss G. Lyon Jones), for assistance in 1930 and 1931 in 
the collection of experimental data; to Mr. lorwerth Jones, B.Sc., 
for the records relating to meteorological conditions, and to Miss 
Rhoda Jones, B.A., for assistance with Scandinavian literature 
and with publication. 


REFERENCES. 

(1) Garber, R. J., and Quisenberry, K. S. Natural crossing in oats at 

Morgantown, West Virginia. J. Amer. Soc. Agron.t 19, 191-7, 1927. 

(2) Garber, R. J., and Hoover, M. M. Natural crossing between oat 

plants of hybrid origin. J. Agri, Res.^ 88, 647-8, 1929. 

(8) Gripfee, F., and Hayes, H. K. Natural crossing in oats. J. Amer. 
Soc. Agron., 17, 545-9, 1925. 

(4) Harrington, J. B. Natural crossing in wheat, oats and barley at 

Saskatoon, Saskatchewan. Set, Agru, 12, 470-88, 1982. 

(5) Hoover, M. M., and Snyder, M. H. Natural crossing in oats at Morgan- 

town, West Virginia. J. Amer. Soc. Agron., 24, 784-6, 1982. 

(6) Jamieson, T. Natural cross-fertilisation of oats and change of seed. 

Proc. Agri. Res. Assoc. (Scotland), 1897, 81-50; 1898, 7-81; 1899, 
291-801, 1981, 



182 


The Welsh Journal of Agriculture, 


(7) Stanton, T. R., and Coffman, F. A. Natural crossing in oats at Akron, 
Colorado. J. Amcr. Soc. Agron., 16, 646-.59, 1924. 

(H) Wexelsen, H. Natiirlig kryssning i linvrc. Nord. J ordbrForshn , ^ 
291-.S()1, 1981. 


MANURING OF RED CLOVER FOR 
SEED PRODUC/riON. 

By J. L. John, B.Sc., 


Agri(‘iilturnl Organiser f’<*r Montgoinerysliire. 


No information appears to he available on the manuring of 
red clover for seed production. An experiment was therefore 
carried out in the summer of 1982, in co-operation with Imperial 
Chemical Industries, Ltd., to gain some information on this 
subject, which is an important one in Montgomeryshire. Two 
farms were chosen where seed clover has been grown annually 
for many years, viz.. New House, Forden (Mr. .1. Cadw^llader), 
and Rhiston, Churchstoke (Mr. W. Hotchkiss). The experi- 
ment, being one of a purely preliminary character, was as simple 
as possible, and consisted of two manurial treatments and a 
control. 

At both centres 9 plots of one-fortieth acre were measured 
out in the form of a Latin square (8x3). The dressings were : — 

A. Complete fertiliser (containing nitrogen, phosphate and 

potash). 

B. Phosphate and potash . 

C. No fertiliser. 

The rate of application of the various ingredients was : — 

N : 16.8 lb. per acre; : 58.24 lb. per acre; and KjO : 

16.8 lb. per acre. The amount of phosphoric acid and potash 
was the same in treatments A and B, but A contained in addi- 
tion nitrogen equal to rather less than 1 cwt. per acre of sulphatx* 
of ammonia. 

Each treatment was replicated three times at each centre, 
the manures being applied at the close of the grazing season, 
immediately after the fields were laid up for the seed crop in 
early June. 

At harvest time the produce of all three A plots was put 
together in one lot. The produce of the B and C plots were 
similarly dealt with. 
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The previous cropping and manurial history of the fields on 
which the experiments were carried out are shown below : — 
Rhiston, 

1981. Oats; no manure. 

1980. Roots; 12 tons yard manure per acre; 8 cwt. basic slag per acre. 
1929. Wheat; light dressing yard manure. 

1928. Oats; no manure. 

New Houie. 

1981. Seed clover; no manure. 

1980. Barley ; no manure. 

1929. Oats and barley mixed ; no manure. 

1928. Oats; 8-4 cwt. per acre superphosphate. 

It will be seen that the crop at Rhiston was in its first 
year, while that at New House was in its second year. 


Rainfall during the Experimental Season. 

The rainfall as recorded at Montgomery (about 8 miles from 
both centres) by Dr. R. E. G. Phillips is as follows : — 

May. June. July. Aug. Sept. 

2.(?8 inches. 4.25 inclics. (>.?() of an inch. .’>.41 inches. 1.64 inches. 

General, 

The rainfall during the seasoii is on the whole a little below 
the average. The weather was exceptionally hot during part 
of August, which naturally hastened the ripening and encouraged 
the yield of seed. Unfortunately the weather broke about the 
middle of September : there was considerable rainfall for fully 
a fortnight, which caused the crop to be badly beaten down at 
Rhiston and much of the seed shed. But for this rain the crop 
at Rhiston would have been cut fully a week earlier than it 
actually was, another factor which led to a reduction in the yield. 
At New House, where the crop was in its second year, a seed 
CTO]) having been taken the previous season, the plant was not 
more than half the length of that at Rhiston, so that it suffered 
less from the wet weather. 

Condition of the Crops. 

At Rhiston the crop was tall, thick, and uniform, but at 
New House it was much shorter as well as less uniform. The 
only observable effect of the manures was that the A plots 
receiving a complete dressing, looked greener and fresher in the 
early part of the season and carried a somewhat bulkier crop at 
the close. The crop at both centres was cut in the latter part 
of September and carried in good condition. Threshing took 
place in December at Rhiston, and in January at New House. 
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The weights given are the total yields from all the plots having 
the same manurial treatment at each centre : — 



i 

’-louse. 

Rhu 

don. 

Plots. 

Weight of 
seed. 

Germi notion. 

Weight of 
seed. ! 

G ennination 

A. 

n. 

c. 

)b. 

1!> lb. 

22 lb. 

7? per cent. 

71 per cent. 

72 per cent. 

9i lb. 

27 lb. 

28 lb. 

72 per cent. 
C)9 per cent. 
74 per cent. 


Five pounds of the crop receiving each manurial treatment 
at Rhiston were sent to Aberystwyth College for examination 
by Capt. R. D. Williams, of the Welsh Plant Breeding Station, 
who very kindly supplies the following report : — 

The following particulars were obtained by taking two 
samples of 500 complete heads at random from each treat- 
ment. After the florets had been stripped and weighed, these 
samples were reduced to one-tenth their original bulk. The 
florets in the reduced samples were then counted, and the 
seeds rubbed out by hand, weighed, separated according to 
quality into good, fair, and poor seeds and finally counted. 


Lott 

A. 

B. 

C. 


Per 

i 

Per 

Per 

Per 

Per 

Per 


UOOO 

1 

1,000 

1 

t,000 1 

1 


heads. 

head. 

heads. 

head. 

heads. 

head. 

No. of florets 

92,870 

92.8 

87,580 

87.5 

80,400 

80.4 

Weight (gin.) of total 







vseeds 

74.1.5 


68.79 

— 

60.74 



No. of seeds : 


[ - 





Good 

42,790 

42.8 

8.5,280 

85.8 

82,410 

82.4 

Fair 

5,080 

1 5.1 

4,540 

4.5 

4,090 

5.1 

Poor 

2,720 

2.7 

8,150 

8.2 

2,780 

2.8 

Total 

50,590 

! 50.6 

42,970 

48.0 

89,280 

89.8 

No. of good seeds per 


I 


i 



100 florets 

46.1 


40.8 

I ' 

1 40.3 



These data are exceedingly interesting and bear out the 
yield results to a remarkable degree. They indicate that N 
combined with P and K had a two-fold effect namely (1) it 
increased the number of florets per head, and (2) it increased 
the number of seeds per given number of florets. 

It is unwise to dogmatise on the results of one experiment, 
but the application of nitrogen for seed clover production, in 
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spite of a widely held opinion to the contrary, has been justified 
by the results in this particular year, since the heaviest yield 
at both centres was given by the plot to which this fertiliser 
had been applied. It is probable that the falling off in yield 
on Plot B Jit New House was due to the irregularity of the plant. 

It is hoped to carry out a series of experiments on similar 
lines in the future. Thanks arc accorded to Capt. R. D. 
Williams, of the Welsh Plant Breeding Station ; Mr. Manson, 
of Imperial Chemical Industries, Ltd., and Messrs. Cadwallader 
and Hotchkiss for their help in carrying out the experiment. 


MANMRINC; KKl) C l .OVER FOR SEED. 

By Gwilym Evans, B.Sc., 

Wplsh Fl.'inl \ lirr\ si w ytH, 


Phosphates are generally used, and recommended (2) to 
increase the yield of red clover seed in Britain. On the 
Continent the ])hosphates are supplemented with applications 
f)f potash (3, 1). Both fhese mineral fertilisers appear to be 
valued in New Zcalan<l for their influence on the production of 
white clover seed (1). 

A preliminary experiment was designed last year (1932) in 
order to investigate the influence of fertilisers on the seed yield 
of red clover. 


Material and Methods. 

The investigation reported in this paper was carried out 
on single plants in ten-inch pots. For each treatment, five 
single plant replications were made, giving a total of twenty 
pots. Since it was realised that even though the plants used 
were full sisters obtained by inter-crossing two plants, there 
might yet exist certain inherent differences in seed-producing 
capacity from plant to plant, cuttings were taken from the 
original plants selected for the work. The number of cuttings 
rooted was considerably in excess of those actually used, and it 
was therefore possible to select within each group of clones 
derived from cuttings of the same plant those which matched 
each other in size and vigour. Thus for each replication, clones 
of a single plant matched up to give apparently uniform vigour 
were subjected to each treatment. The use of five different 
original plants in the five replications will therefore allow for 
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possible variations in the response of these plants to the various 
treatments and will give a mean which, although not absolute, 
is probably more nearly comparable with the results obtained 
under field conditions than if all the clones used were derived 
from cuttings of a single individual plant. Moreover, the use 
of a single original plant for seed production comparisons is 
impossible owing to self-sterility. At the same time, the use 
of cuttings ensures that in each replication actually the same 
individual plant is subjected to each treatment so that the 
possibility of a difference from one individual plant to another 
in their response to different treatments is eliminated. 

The lay out of the plants under each treatment is shown 
in the following tabic. 


TABLE I. 

Showing lay-out of the experiment. 


He filtrates. 

Control. 

K 

1 

PK 

PKCa 

1 

a1 

a2 

a.3 

ai 

2 

1)1 

htl 

h3 ! 

))4 

3 

cl 

(2 

r3 1 

1 

cl 

4 

cl 

c2 

08 

c4 

5 

fl 

f2 

f8 

fl 


The various letters indicate the original plants and the numerals indicate the 
clones from each of such plants. 


The soil used in the pots was an average medium loam 
which was sterilized before potting, for the purpose of destroying 
the weed seeds. 


The cuttings were potted in the previous November, and 
they were kept in a cool glass house during the winter. The 
manures were applied at the end of March, when the pots were 
removed to the open. The scheme of manuring was as 
follows : — 


(a) No manure. 

(b) K3O (sulphate of potash) 

(c) KjO (sulphate of potash) 
PjOg (superphosphate) 

(d) Kfi (sulphate of potash) 
P,Oa (superphosphate) 
Burnt lime 


ITl.i lb. per acre. 

171.4 
92.1 

173.4 
92.1 

80 cwt. 
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Results. 

All the clover crops kept for seexi on the farm during 1982 
showed a definite tendency to short growth and consequently 
stood up well at harvest time. This tendency was accentuated 
in this pot experiment ; none of the plants grew more than 
18 inches in height. 

The outstanding series, as judged by inspection during the 
summer months, was that which had been dressed with potash 
and phosphates only. All the plants under this treatment 
appeared to be more robust, had a greater number of stems 
and flowers than the others. 

Each plant was harvested separately, as soon as it ripened, 
and the harvesting dates ranged from September 7th to 17th. 

TABLE II. 

Slio¥riiif for each treatment of red clover — (a) Total number of 
flowering items; (b) Total number of beads; (c) Number of florets per 
bead; (d) Numl^r of seeds per bead; (e) Total weight of seed; 
(f) Weight per 1,000 seed; (g) Relative number of weights with "no 

manure ” at 100. 



1 


! 

Pofm$h 




f^ofash 



vianurr. 

1 I*oianh, 

■f 




i 

1 

phofifthdl r . 

-f- /hof. 

Flowering stems 
Relative numbers, no 

1 


! 

•J'J V 

206 

manure at 100 

)(MI 

VJii 

Ml 

. i;t:i 

Heads . . 

Relative numbers, n<> 

KKJ 

It: 


I .'lOK 

manure at 100 ... 

1 ( H ) 1 

1 I In 

12 ; 

08 

Florets per head, 

1 

1 



average of 50 
Relative numbers, lu) 



i 

72 

manure at 100 

1<H) 

tin 

1 

Ui 

Seeds per head, aver 



j ■■ ■ 


age of 50 

Relative numbers, no 


1 

5n 

s;j 

manure at 100 ' 

ion 1 

1 1:{; 

125 

175 

Total weight of see<ks 

i 

""i 



in grammes. 
Relative weights, no 

S.HS 

f:.in 

21.56 

18.67 

manure at 100 

loo 

‘jnn 

248 

21.5 

Weight per 1,000 
seeds 

Relative weights, no 

1.155 


I 1 ..TiO 

1 

1.928 

manure at 100 

100 

100 

1 114 

106 


On the average the plants in the PK pots were four days later 
in ripening than the plants in the control pots, there being no 
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obvious differences in the maturation of the plants in the other 
series compared with control. 

Data relative to all the plants harvested are presented in 
Table II : the figures indicate the influence of fertilisers on the 
production of red clover seed under the conditions of the 
experiment. 

Number oj Flowering Sterns. 

Each manurial treatment has stimulated stem production, 
and the number of flowering stems produced appears to have 
some correlation with the total yield of seed. Lime seems to 
have a slightly depressing effect on the number of stems pro- 
duced, when the result from the PK Ca treatment is compared 
with that from PK. Potash has effected a definite increase in 
the number of stems, and with the addition of phosphates a 
further increase has been effected. 

Number of Floxver Heads. 

Lime appears to have a distinctly depressing effect on 
flower-head production, while a more prolific production of 
heads has been induced by potash with phosphates. The 
application of phosphates with potash has increased the 
number of heads considerably more than that of potash alone. 

Florets per Head. 

Each manurial treatment has had the effect of producing 
more florets per head, and in this instance the addition of each 
fertilizer has had a cumulative effect on the heads. Although 
lime has brought down the total number of heads to the level 
of those from the control plants, yet the heads produced have 
derived considerable benefit by its application. 

Seeds per Head. 

Seed production per head has been more influenced by the 
fertilizers than the total number of florets per head. Here again 
the addition of lime has been advantageous to the extent of 40 
per cent, more than the potash with phosphates. 

Total Yield of Seed. 

The results under this heading are even more important 
from the practical point of view than those already discussed. 
It will be observed that potash had the effect of doubling the 
yield of seed, and in conjunction with phosphate it has induced 
the production of nearly two and a half times the weight of 
seed harvested from the no-manure pots. The application of 
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lime with the mineral manures has resulted in reducing the 
beneficial effect of potash and phosphate on the yield of seed. 

Weight per IftOO Seed. 

Each of the dressings shows a tendency to increase the 
weight per thousand seeds. This is a distinct gain when it 
is considered that the size of seed of any given variety corre- 
lates with field establishment. It is very satisfactory to notice 
that both the greatest yield of seed and the best quality seed 
have been produced by the application of a dressing consisting 
of potash and phosphate. 

FIGURE 1. 

Relative yields of red clover seed. No manure at 100. 

POTASH 

PHO^HATHT 



lysUMwJeS iaiiMMiew 

!0O 200 2+8 2-15 


The Effect of Nitrogen on Seed Production. 

A number of plants similar to the ones used lor the above 
experiment were grown in pots and used to study the effect of 
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uitrogen on seed production in red clover. Five plants were 
dressed with riitro-chalk at the rate of 45 lb. of nitrogen per 
acre^ and five corresponding plants received no fertilizer. The 
dressing was applied at the end of May. 

The results shown in Table III were not included in 
Table II, since the conditions under which the plants were grown 
were not strictly comparable. 

TABLE III. 


Showiag the effect of nitrogen on (a) the number of flowering stems; 
(b) the number of heads; (c) the total weight of seeds, and (d) the 
weight per 1,000 seeds of red clover. 



No manure. 

Nitrogen. 

Total number of flowering .stems 

l.H 

m 

Relative numbers, no manure — 100 

100 

129 

Total number of heads 

n46 

377 

Relative numbers, no manure KK) 

100 

109 

Total weight of seed in grammes 

I8.2n 

17.4 

Relative weights, no manure - 100 ... 

100 

9.V 

Weight per 1,000 seeds 

l.iA 

1.3R 

Relative weights, no manure — 100 ... 

100 



The plants in this section were harvested and threshed by 
hand, as in the previous series. Little difference was observed 
in the time of ripening, or in the tendency to lodge, the growth 
being relatively short for a late-flowering strain of red clover. 

The figures shown in Table III do not indicate that nitrogen 
is of value for stimulating seed production in red clover. The 
fertilizer has increased the number of flowering stems, but with- 
out a corresponding increase in the yield or quality of seed it 
fails to achieve the purpose for which it was intended. One of 
the main difficulties with which the grower of late-flowering red 
clover seed has to contend in the west is the lodging of the crops, 
and it is not likely that nitrogen will correct this. 

General. 

It must be emphasised that the results recorded here are 
not derived from crops grown under ordinary field conditions, 
and it is only legitimate to draw broad inferences. 

The action of potash in stimulating seed production requires 
serious consideration in view of the fact that comparatively little 
use is made of this fertilizer as a manure for red clover seed 
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production in this country, and it must be pointed out that the 
dressing applied in this experiment was much heavier than is 
ordinarily applied to grassland. 

There is no necessity for urging the claims of phosphates 
for a place in the manuring of red clover for seed as the growers 
are already aware of their importance. 

Although lime in this instance has not proved of value, it 
does not follow that under different conditions it would not be 
of advantage as, for example, when thoroughly incorporated 
with the soil at the time of the preparation of the seed bed. 

Nitrogen when applied alone as a dressing for red clover 
seed production has not justified its use even under conditions 
which were apparently favourable to its action. 

Summary. 

(1) A heavy dressing of potash has doubled the yield of 
red clover seed and increased the number of flowering stems, 
the number of heads, number of florets per head, the number 
of seeds per head and the weight per thousand seeds. 

(2) The addition of a good dressing of superphosphate to 
the potash dressing has caused a further increase in weight of 
seed, number of heads, number of florets per head, number of 
flowering stems and the weight per thousand seeds. 

(8) Lime when added to a dressing of potash with phos- 
phates has reduced the effect of the mineral manures on the 
number of flowering stems, the number of heads and the weight 
per thousand seeds. On the other hand, it has caused an 
increase in the size of heads and in the number of seeds produced 
per head. 

(4) Nitrogen has failed to produce an improvement in the 
quantity and quality of seed, but this element has increased the 
number of flowering stems and the number of heads. 

Sincere thanks are due to Mr. R. D. Williams, M.Sc., who 
has taken much interest in this work, and offered many helpful 
suggestions. 

REFERENCES. 

(1) Lowe^ Levi. Clover-growing for seed. New Zealand Joum. Agric., 

XIII, 268-66. 1916. 

(2) Growing late-flowering red clover or single cut cow-grass for seed. 

Joum. Min. Agric.^ XXVII, 564*-65. 1920. 

(8) Hansen, H. J. Resultater fra Fr0avl8fors0gene i Danmark gennem 20 
Aar. Ber. Nordiske Jordhrugsforskeres Forenings Fjerde Kongres. 
Helsingfors. 

(4) Witte, Hrrnprid. Friiodlingsforsok ined rodklcifver, Sverigti VUUdet' 
fiirening$ Tidskrift, 28. 858. 1913, 



THE INFLUENCE OF ITALIAN RYE-GRASS 
ON BARLEY. 


By Gwilym Evans, B.Sc., 

Welsli Plant breeding Station, Aberystwyth. 


The results recorded in this paper were derived from an 
experiment designed for a wholly different pur])Ose and which 
will cover a period of years. 

A series of seeds mixtures were laid down on May 6, 1982, 
using Standwell barley as a nurse crop. The nurse crop was 
sown thinly, at the rate of 120 lb. per acre in order to secure 
a good establishment of the herbage seeds, while aiming at the 
same time at securing a reasonable crop of corn. 

Table I shows the two seeds mixtures (in IVi. f)er acre) 
which are relevant to this pajier. 


TABLE 1. 



1 

Mixivre 1i, 

Mi.r1vre I’. 



Italian rye-grass ... 

84 

Nil. 



.Smooth-stalked meadow grass 

24 

24 



Wild white clover ... | 

H 

8 



It will be observed that the only difference in the two 
mixtures is that Italian rye-grass has been omitted from 
Mixture C. The plots were replicated four times. 

The experiment was laid down on a light loam soil which 
had been fallowed in the previous year. No fertilizers were 
applied at the time of seeding. 

Results. 

Very striking differences in the degree of ripeness shown by 
the barley on the various plots were observed towards the end 
of August. The cover crop in every plot on which mixture B, 
including Italian rye-grass, had been sown was at least a week 
earlier in ripening than the crops on the plots from which the 
rye-grass had been excluded. The lines of demarcation were 
perfectly defined between the plots which had been sown with 
the different seeds mixtures. 

The barley was harvested during the first fortnight in 
September, and afterwards carried carefully indoors in canvas 
wrappers, and the yields from the plots ascertained four months 
after threshing in order that any differences in the moisture 
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content of the grain from each plot might be reduced to a 
minimum. Tests which were made by means of the Davies 
Moisture Meter (8) at the time of weighing showed that the 
moisture content of the barley from all the plots varied so very 
slightly that such differences could have no bearing on the 
weights obtained. 

Table II shows the yields of barley on the plots (Series B) 
where Italian rye-grass had been sown and on the plots (Series 
C) where it had been omitted from the mixture. 

TABLE II. 


ReplicatPH. 

With Italia 

M ryc-grana. 

i Replicates. 

Withoat Ita 

lian rye~gra»it 

Barley 
grain 
per acre. 

Weight per 
1,000 grains 
in grams. 

Barley 
grain 
per acre. 

Weight per 

1 ,000 grains 
in grams. 


('wi. lb. 



Cut. lb. 


Bl 

12 m 1 

rtS.'ir* 

(1 

19 39 

.54.89 

B2 

i 1 (Hi 

58.03 

(’2 

18 109 ! 

.58.89 

B8 

\ I 39 

53.02 

C3 

19 19 

54.89 

B4 

H 66 

5i.6H 

(:4 

20 62 

55.18 

A verage , . . 

12 60 



19 57 


Helative* ... 

100 ! 

i i 
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The 

data presented in 

this table 

indicate 

significant 


differences in the yield of barley grain in the two series. The 
yield has increased by over 50 per cent, on the average in 
Series C as compared with Series B. This increase can only be 
due to the remov al of the competitive effects of Italian rye-grass, 
for plots were so arranged that the effect of soil differences can 
be neglected. 

The influence of the smooth-stalked meadow grass and the 
wild white clover can also be dismissed in considering the yields 
of barley, for although they had established well, their growth 
at harvest time was comparatively small. 

When the yields from the replicates of the same series in 
separate blocks are considered, it will be noticed that the varia- 
tion is much less than when corresponding replicates in the two 
series are compared. On the whole the difference in yield in 
corresponding replicates is greatest where the yield is least. 

The weights per 1,000 grains of barley derived from the 
various plots show very slight variation, but there appears a 
tendency within each series for the weight per 1,000 grains to 
be correlated with yield. 

Two arguments may be put forward to explain the 
difference in the yield of barley in the two series. Firstly, 
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the strong competitive effect of Italian rye-grass with barley 
for soil nutrients. Chippindale (1) has shown that Italian rye- 
grass exercises a profound influence in this respect on certain 
grasses. Davies (2) has reported the depressing effect of Italian 
rye-grass on red and white clovers, and also on other grasses, 
when the rye-grass is not grazed down in winter and spring. 
It is, therefore, reasonable to believe that a similar influence 
operates here. Secondly, it is suggested that the rye-grass com- 
petes with the barley for soil moisture, and the dry weather 
experienced during August lends support to this view, particu- 
larly when it is remembered that the soil was of a light texture. 
The question of soil moisture is also related indirectly to the 
quantity of nutrients available in the soil. 

Rainfall records for August, 1982, at Frongoch show a 
particularly low figure for that month; 1.16 inches as compared 
with an average of 4.92 inches for the previous seven years. 
There was thus less than one-quarter of the average precipita- 
tion for the years immediately preceding. 

These results suggest points of practical importance in view 
of the widespread interest in establishing permanent grassland 
by seeding. It is recognised that indigenous grasses on the whole 
do not develop to their maximum during the first harvest year, 
and thus do not compare so favourably in the early stages as 
the quick-growing, short-lived commercial types. Where then 
barley is considered a remunerative crop, and where it is desir- 
able to have first-class permanent pasture established at the 
same time, there is some reason for believing that these two 
objects can be achieved simultaneously by excluding early 
growing grasses from the seeds mixture, and choosing indigenous 
types. The slightly reduced spring keep and the first year hay 
crop found by excluding the early types of grasses, would be 
compensated for by the increased barley crop, and the persist- 
ency of indigenous strains of grasses. 

The short growth of the indigenous grasses in the nurse 
crop would be a definite advantage in conditioning the barley 
crop on the field. 

If on the other hand spring grazing is the primary considera- 
tion, and at the same time it is desirable to have barley ripening 
early, then Italian rye-grass has much in its favour. ' 

Thanks are due to Mr, LI. lorwerth Jones, B.Sc., for 
supplying the rainfall data. 
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DEFICIENCY OF THE CLOVER NODULE 
ORGANISM ON SOME WELSH SOILS. 

By A. A. PouLTER, B.Sc. (Agric.) (Reading), 
University College, Aberystwyth. 


Introduction. 

It is not unusual in America and in Australasia to meet with 
a deficiency of the clover nodule organism. In view of the wide- 
spread occurrence of wild white clover throughout Great Britain 
in all our pastures and meadows it is interesting to find there 
are likely to be large areas of high grassland in Wales which are 
not only deficient in wild white clover, but deficient in the clover 
nodule organism as well. Feilitzen (1890) quotes results showing 
this to be the case on high moorland in Sweden — Hdgmosse.’’ 

The significance of this from the point of view of the improve- 
ment of Welsh hill pastures may well be imagined. 

The first indication of a deficiency of the organism came 
from Breconshire, from the estate of Mr. S. M. Bligh, of Cilmery 
Park, Builth Wells. The Goytre Land is a 10-acre field on a 
steep hillside standing at about 1,000 feet above sea-level, which 
immediately adjoins the open hill with its sheep grazing rights. 
It consisted originally of bent (Agrostis spp.), and fescue (Festuca 
spp.), with a large amount of bracken (Pteridium aquilinum 
Kuhn.) and some gorse {Vlex europaeus L.), the other leguminous 
plants present being Lotus comiculatus L. and Latkyrus spp. 
On the rare occasions when natural clover occurred it was close 
to a gate or stile. 

Ploughed in the winter 1980-1, the Goytre Land was given 
North African Phosphate at 6^ cwt. per acre in the spring and 
sown down in May, 1981, with mixtures containing pedigree 
grasses from the Welsh Plant Breeding Station, together with 
wild white and red clovers. 

K 
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In July and August the poor growth and colour of the grass 
and clover seedlings was attributed to infertility and the cutting 
off, by unrotted turf, of soil moisture. The clover seedlings were 
puny and yellow, with relatively long root systems. The root 
systems then, and still in September, were entirely deficient in 
nodules. For comparison, clover plants sown on a ley a few fields 
down the slope on land in rotation were examined. Not only 
were the plants considerably larger, but they were well nodulated. 
Seedlings of the other Leguminosae present, on the Goytre Land, 
of approximately the same age, developed healthy nodules, but 
as is well known the clovers are infected by different strains of 
Bacillus radicicola (Thornton, 1981).^ 

In an endeavour to help the plants to overwinter, the bulk 
of the area was given ammonium sulphate, nitro>chalk, ammonium 
phosphate, superphosphate and kainit in various amounts. At 
the same time a sack of soil, moist, and freshly dug from an old 
ley nearby, which was very rich in white clover, was applied to 
1/lOth acre. Two lime plots of 1/lOth and l/20th acre at 2 ton 
and 10 cwt. respectively had already been put down on the sur- 
face in June. 

A cursory comparison of the soil-inoculated plot with the*bulk 
of the area in March, 1982, revealed sturdy, well-nodulated 
plants, contrasting favourably with those plants surviving the 
winter elsewhere. Moreover, these latter plants were only occa- 
sionally nodulated. A theory of nodule organism deficiency 
would, moreover, account for a certain tardiness and patchiness 
in wild white clover establishment on other land improved by 
Mr. Bligh. 

Further inoculation experiments, both with soil and inocu- 
lated seed, were conducted in 1982. One area, the Coryn Land, 
close to and on similar soil to the Goytre Land, had been ploughed 
in 1982 and sown down that spring. The other area is on a totally 
different soil — a dry peat, carrying pasture of the Nardus-MoUnia 
type. This was ploughed in the autumn of 1081 by Captain 
Bennett Evans on his land at over 1,000 feet on the Plynlimon 
foothills. 

Except for survival figures based on clover establishment 
coimts from the Goytre Land in 1981, all the following data were 
obtained in 1982. 

Goytre Land. 

An analysis was made of the greater part of the area to 
determine the establishment of white and red clover under the 


^ Thornton summarises the work of numerous investigators in this held. 
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different treatments. This involved a minimum of fifty readings 
per half-acre by means of the 6-inch mesh, according to the 
technique adopted at the Welsh Plant Breeding Station. On 
critical plots, such as the soil inoculated, limed and control areas 
close by, as many as 100 readings per 1 / 10th acre were made. 

Plots were analysed by plant and tiller counts as well as by 
estimating the percentage area covered, and a record was kept 
of all ‘‘ puny ” plants according to an arbitrary distinction. A 
puny plant ” consisted of one or two small yellowish leaves 
and a fragment of root. Such plants are probably comparable to 
the ** latent seedlings ** of Chippindale (1981 ; 1082). The stan- 
dard was decidedly high and might possibly with advantage have 
been lowered so as to include many more plants. Owing to the 
rather poor condition of most of the plants the three inch 
method of Jenkin (1919) was discarded, every shoot being 
regarded as a unit. In white clover an almost constant relation- 
ship was found between the estimated percentage area covered 
and the number of shoots. For red clover, numbers of plants are 
given, as the area covered was in any case very small. Care was 
taken to distinguish plants from original seedlings, as distinct 
from their vegetative propagants. This was simple except on 
the limed and inoculated plots where growth was more vigorous. 

It was found that the “ empty mesh frequency ” (t.e., the 
number of times the mesh was thrown without encountering 
clover) was very closely in inverse ratio mathematically to the 
percentage area covered. Hence one replicate of the nitrogen 
plots and all the aimnonium phosphate plots, amounting to about 
half the main area, were rapidly surveyed for white clover by 
counting the empty mesh frequency, the percentage area being 
calculated in order to give an approximate figure for comparison. 

For the sake of convenience, since the manurial plots showed 
no significant differences when compared one with another or 
with the unmanured conti^ol plots, the data for the bulk of the 
area, about eight acres, have been grouped. Similarly the data 
for the two lime plots were put together. 

The figures set out in Table I show that over the greater 
portion of the Goytre Land initial establishment of clover has 
failed, and that there has been a high mortality of wild white and 
red clover seedlings during the winter 1981-2. 

Establishment is greatest and mortality least on the plot 
inoculated with wild white soil. The limed plots are intermediate 
between this and the immediately adjacent uninoculated area* 
The need for inoculation as well as lime on acid soils is stressed 
by many American and Colonial workers, for example, Albrecht 
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md Poirot (1980), Wilson and Leland (1929)« It is likdy tlrift^ 
with lime and inoculant together^ establishment would have been 
st31 better. 

Moreover, on the limed and inoculated plots the plants are 
healthier as indicated by the negligible percentage of “ puny 



plants.” On the main area, these amount to a significant figure, 
particularly in view of the severity of the definition puny ; 17,424 
per acre amounts to about 8^ per square yard. Whether an 
application of soil in September, 1982, came in time to save these 
remains to be seen. 
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It is clear that infxsulation of the whole area with suitable 
soil in the year of sowing would have given successful establish- 
ment of wild white clover. 

Coryn Land. 

This land, about 6^ acres, is very similar to the Goytre Land, 
and was similarly sown with rock phosphate in the spring previous 
to seeding down on June 8, 1982. 

The lowest acre was reserved for inoculation experiments, 
and was given a thin sowing, relatively to the main area, of two 
different grass mixtures. On each of these half-acre plots two 
replicates of plots were laid out according to the scheme set out 
hereunder, so that there were four replicates in all. All plots were 
measured by pacing. 


FIGURE 1. 

Plan of one Raplicate. 



Key to Treatments. 

A = Seed inoculation. t CaO = Lime (in tons) per acre. 

B=Soil inoculation. P^.Slaff (in cwts.) per acre. 

C = (Control — no inoculation. K = Kainit (in cwts.) per acre. 

N — Nitro chalk (in cwts.) per acre. 

Clover Manorial Plot. 


1. CaO at 1. 

2. CuO at 2. 

V at 2J. 

4. P at 5. 

f). P at 2\ -f K at 1. 

6. P at 5 -h K at 2. 


7. CaO at 1 + P at 2^ -h K at 1. 

S. Ca(^ at 2 + at ."i -f K at 2. 

9. C^aO at 1 -f- P at 2A + K at 1 -f N at 1. 

11. ( aO at 2 + P at 10 -h K at 4 -f N at 4. 

10. CaO at 2 -f P at r> + K at 2 -f X at 2. 

12. Control- iu» manure. 


Wild white clover plots at 10 lb. to the acre, each nine square 
yards, and separated from each other by two yards, were sown 
out by hand on June 16 and covered rather sparingly by means 
of a hay rake. 


* 1, 2, 8, etc., represent non-clover strips manured according to the 
above scheme. 

t The cultures used were kindly supplied by Dr. Thornton, Rotham- 
:8ted, the strain having originally been sent to him from the Wisconsin 
Experiment Station. 
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The seed used for ** A ” series had been inoculated two days 
before* 

Manures were applied between July 7 and 20 on top of the 
young seedlings, then at the first leaf stage. In most cases, 
owing to the dry weather, the manures remained on the surface 
for some days before being washed in. 

Lime, first slaked, and applied cold, was in excellent condi-* 
tion for spreading. 

Soil, from Orchard Field (where wild white clover was pre- 
sent in abundance), Frongoch, Aberystwyth, was applied on 
July 15, at nearly 2 tons per acre. 

Sheep were excluded until after the nodule counts were made. 

Nodule counts^ made between August 23 and 81 involved 
digging twenty-five plants from each plot and removing the soil 
from the roots by very careful washing. Great care had to be 
exercised to avoid any loss of nodules. When nodules were 
present they could usually be seen by reversing the clod under 
water, before removing all the soil. In no case was a plant seen 
thus to be nodulated, found nodule-less after washing. Rarely 
an unattached nodule was found, but it always came from ‘‘ B 
series. Counting was done on the bright surface of a tin lid. 

Arbitrarily the following distinctions were made according to 
eye measurement : — 

(1) Nodules on the first inch of root system = R. 

(2) Nodules below the first inch = Rt. 

(8) Big nodules — measured over 2 mm. in any one plane. 

Medium nodules — ^measured between 1 and 2 mm. 

Small nodules — ^measured less than 1 mm. 

In addition to the small plots, one acre of a mixture on the 
main area received an additional 5 lb. of inoculated white clover 
seed. 

On September 9, subsequently to a nodulation survey 
of the main area, two acres of the main area immediately adjoin- 
ing the small plots received wild white soil at roughly 15, 8, and 
4 cwt. per acre, with two control plots. These were all analysed 
for nodulation early in November. 

Figure 2 indicates the relative positions of the various plots. 

Subsequently to the sowing of the seeds, a marked difference 
was observed between two parts of the field, the left, or easterly, 
side being conspicuous for a more vigorous growth of Holcus 
mollis L. and bracken, but less vigorous growth of the sown rape. 
The last replicate of the small plots, and plots B 10, 11, 12, and 
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C 10, 11, 12, of the adjoining area were thus under some different 
soil condition from the remainder. Moreover, the boundary 
between the two regions was a straight line parallel to the western 
hedge (see Figure 2). 

This definitely indicated a lasting effect from some pre-treat- 
ment not known to the present occupier, although the land had 



I. Soil at 15 cwts. per acre. 

II. Control — ^no soil. 

III. Soil at 8 cwts. per acre. 

IV^. Control — no soil. 

V. Soil at 4 cwts. per acre. 

Be. Bc2, Bd, Bd2. are symbols for the rcj^licates. 

1, 2, 8, etc. = areas separately analysed in tlie nodulation survey. 

Boundary between eastfrn and western (probably 

pre-limed) sides. 

not been ploughed for sixty years. That this pre-treatment con- 
sisted in liming is borne out by the finding of occasional limestone 
fragments on this side by the ploughman, as well as by the con- 
trast in the weed herbage. Subsequent results on the small plots 
and from the ** nodulation survey ” of the whole Coryn Land 
seem to confirm this. 

Results on Coryn Land. 

The results from the small plots show that soil inoculation 
has produced outstanding results as regards nodulation — sec 
Tables II and III. 
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TABLE U. 

Coryn Land, Small Plots. Nodtda Totals from Four Replicates. 


Manurial Plots, 


Series, 

1 

£ 

5 


5 

6 

7 

S 

9 

10 

11 

If 

A Culture 

8 

4 

18 

15 

2 

25 

48 

20 

17 

9 

9 

0 

B Soil 

158 

163 

887 

385 

485 

408 

846 

318 

816 

265 

874 

55 

C Control ... | 


Oi 

12 

12 

4 

45j 

18 

8, 

21 

8^ 

18 

0 

Total ... 1 

168 1 

1 

; 18? 

412 

412 

441 

473 

40? 

34.1 

854 

282^ 

1 

396 

55 

Relative | 

Value ... j 





93.2 

1 


86 

72.1 

74.8 

1 

59.6 

88.7 

11.6* 


100 plants examined for each treatment. 

* 80 per cent, of nodules on 12 are from plots on the western side. 


TABLE III. 

Coryn Land Small Plots. 


Series. 

Plants 

nodulated. 

Total 

nodules 

1 H at 100. 

Ratio 

RIRt 

nodules. 

Nodules 
per plant 
nodulated. 

A 

6 per cent. 

4.4 

2.8 

2.2 

B 

74 per cent. 

100 

14.1 

4.1 

C 

5 per cent. 

8.8 

1.5 

2.8 


1*200 plants examined for each series. 

R= Nodules on first inch of root system. 
Rt=: Nodules below first inch of root system. 


There is no difference between the culture series A and 
the control untreated The failure of the culture may 

possibly be attributed to poor covering of the seed followed by a 
fortnight's exposure to hot sunny weather or to the culture being 
more sensitive to acidity than the soil bacteria (Alway and Rost 
(1926) ). Thornton (1981) suggests this may be due to the pre- 
sence of acidity resisting strains in the applied soil. 

The manurial plots (Table II) 8-11 show no very significant 
differences in nodulation, but the lime plots 1 and 2, as opposed 
to 8 and 4 treated with slag alone, and more particularly as 
bpposed to the control plot 12, are interesting. 

As would be expected, phosphate has definitely increased 
nodulation more than has lime alone, there being no significant 
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differences between the two rates of application. Since slag 
contains a certain amount of free lime the difference cannot cer- 
tainly be attributed to phosphate only. 

In the second case, it is seen that nodulation on plot 12 is 
less than 1/8 of that on 1 and 2. This suggests that lime is so 
deficient as to be definitely deficient as a plant food, especially 
since 80 per cent of the actual nodulation on 12 comes from plots 
situated on that western area already suspected of former liming. 
Moreover, Bd2, the replicate entirely on this (the pre-limed) area, 
shows a total nodulation of 159, compared to 100 and 105 on 
the others. See Table IV. 


TABLE IV. 

Coryn Land Small Plots. Comparison of Replicates. 



Nodules. 

Replicate, 


Comparison 

Average 

Totals on 


Total. 

Be and Bc2 

total of 

no manured 



at WO. 

limed plots. 

plots. 

Be 

646 

100 

86 

2 

Bc2 

849 1 

100 

36 

9 

Bd 

890 

105 

40.5 

25 

Bd2 

1,846 

159 

71 

19 


Be = Cocksfoot areas. 

Bd = Timothy areas. 

900 plants examined on each replicate. 


Albrecht and Davis (1929) have shown the physiological 
importance of calcium in legume inoculation by growing the 
divided root system of a soybean plant in limed and lime^eficient 
soil, when the difference in nodulation between the two halves was 
as great as when the whole plants were used. Calcium chloride 
produced the same effect. 

The nodulation survey of the main area shows that there is 
a certain amount of natural nodulation on the sown clover plants, 
which, from being negligible at the bottom of the field increases 
to the top, and is greatest on the western, and probably previously 
limed, area. (See Figure 2 and Table V). 

This natural nodulation is characteristic, the nodules being 
small and scattered over the whole root system, whilst on the 
soil inoculated plots and on plants taken from a normal ley the 
nodules are larger. (See Table VI). Where soil is applied, the 
nodules arise close to the zone of application, i.e., the soil sur- 
face. (See Tables III and VI, Ratio R/Rt and nodules Big -r 
Medium). 
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If size is any criterion, these small nodules represent a 
different, if not a less effective strain of bacterium from that used 
in inoculation. Helz, Baldwin, Fred (1927). 



On the eastern area, Table V, Fig. 2 (8), where a culture 
was used, 25 per cent, of the plants are nodulated, with 50 per 
cent, of larger nodules. But since half of these nodulated plants 
had only one small nodule each, confirmatory evidence of com- 
plete failure or some success will depend on establishment data 
in 1988. 
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TABLE VI. 

Comparison between Type and Position of Nodulation in three 
representative areas. 



No, of 
plants. 

No. of 
plants 
nodulated. 

Nodules 
per plant 
nodulated. 

Ratio 

RfRt 

nodules. 

Per cent, 
nodules 
big and 
medium. 

Normal ley*^ 
West, Top 

15 

100 

11.5 

1.4 

rzf 

of Coryn 
Series 

88 

89 

9 

.8 

2.8 

Small plots 

L200 

74 

4.1 

14.1 

26.7 


R= Nodules on first inch of root system. 

Rt = Nodules below first inch of root system. 

* Land in rotation, immediately adjoining the field whence soil taken 
for original inoculation of the Goytre land. Notlulation was healthy and 
abundant. Undoubtedly many nodules were lost as the plants were so 
vigorous it was difficult to remove them with the hand fork which had been 
so efficient elsewhere. 


The figures resulting from the examination of plants treated 
with soil in the Autumn are shown in Table VII. 

The effect on nodulation is evident although not quite as great 
as that from an earlier application, Table IV. The evidence 
from control plot IV is consistent with higher natural nodulation 
on the western area. It is interesting to note the difference 
between plots IVb and V. In comparing these plots it appears 
that inoculation by soil has influenced both the number of plants 
nodulated and the si:&e of the nodules, but has decreased the total 
number of nodules per plant. It is possible that this might be 
explained by assuming a success of the introduced possibly more 
effective strain in competition with the indigenous one, since 
Dunham and Baldwin (1931) successfully inoculated with effective 
strains plants already nodulated with ineffective strains. 


Plynlimon. 

Three plots of ^ acre each were sown in early May by Mr. 
M. T. Thomas, Adviser in Grassland for Wales. All three received 
clover cleanings at 10 lb. per acre, together with the grasses, and 
slag and nitro-chalk at 5 and 1 cwt. respectively. 

Plot I served as a control. Plot II was sown with inoculated 
seed. Plot III was given wild white soil at 2 cwt. per acre. 

These plots were analysed in October for nodulation but not 
for comparative establishment. Judging by the scarcity of the 
plants there had already been a high mortality. 
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TABLE VIll. 

Inoculation plants. Plynlimon. 


PM. 

Plants 

examined. 

i Per cent, 
plants 
nodulated. 

I. 

Uninoculated 

29 

2i 

II. 

Seed inoculated 

21 

62 

III. 

Soil inoculated 

29 

100 


The figures (Table VIII) speak for themselves and show 
striking differences despite the fact that the plots were immediately 
adjacent and open to infection by transference of the bacteria by 
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sheep. An outstanding feature of a typical noduleless plant was 
its large root system. It is possible that an analysis earlier than 
October might have shown an even greater contrast. The partial 
success of seed inoculation with the same strain used on Coryn 
Land is due possibly to moister conditions and deeper covering of 
the seed. 


Ditcttsdoii. 

A deficiency of the clover nodule organism on the hill soils 
here considered is obviously important since they are typical of 
a vast area of hill grazing land which is capable of improvement. 

It would probably pay, when introducing clover on such 
land, to apply a few sacks of wild white clover soil per acre, or 
the appropriate strain of the nodule organism to the seed. Even 
if there are a few bacteria of a local strain present, an advantage 
is to be obtained by supplementing them (Dunham and Baldwin 
(1981), Wilson and Leland (1929) ). Moreover, the introduced 
strain may be more efficient than the local strain. 

In considering the seasonal pressure of farm work it may be 
more convenient to apply this soil in autumn or winter even, but 
there is no evidence yet to tell whether this would be sufficiently 
effective. 

A point which is of practical importance is that although 
calcium is likely to be a necessary factor in assisting clover estab- 
lishment on these areas, it may not be essential to apply heavy 
dressings of lime. According to Albrecht and Poirot (1980), only 
limited areas of limed soil close to the clover roots are needed in 
order to obtain a good establishment of red clover. They suc- 
ceeded, by applying 800 lb. per acre of lime drilled with 200 lb. 
of soil and the seed. 

It is even possible that the calcium present in ordinary slag 
or rock phosphate, which it is necessary to apply, may be 
sufficient without liming at all. 

Mr. Bligh has succeeded in establishing wild white clover on 
four acres of the Coryn Land below the present experiments, 
using rock phosphate only. But the clover took three years to 
appear in any quantity ; even then it was patchy, and large areas 
are still deficient. 

This slow establishment was undoubtedly due to the 
deficiency of the organism. Inoculation, with rock phosphate as 
the only manure, resulted in successful establishment on the 
Goytre Land in the first year. 
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Summary, 

1. Evidence is presented of a deficiency of the clover nodule 
organism on two vastly different t3^s of hill land in Wales. 

(a) A bent-fescue-bracken-gorse area. 

(b) A Nardus-Molinia area. 

2. Inoculation with wild white clover soil has assisted the 
establishment, vigour, and nodulation of clover seedlings on these 
soils. 

3. Lime assisted establishment without inoculation, but to a 
lesser degree. 

4. In the absence of phosphate, as slag, lime was essential 
for successful nodulation, even when a soil inoculant was used. 

5. Numbers of puny ” wild white clover plants were 
recorded amongst those surviving in the year after sowing, on 
land deficient in the clover nodule organism. 

6. Inoculation is recommended when attempting to improve 
clover-deficient land of these types. 
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THE EFFECT OF VARYING THE PERIOD 
OF REST IN ROTATIONAL GRAZING. 

By Ll. Iorweeth Jones» B.Sc., 

Welsh Plant Breeding Station, Aberystwyth. 


In recent years many farmers have increased the production 
of their grassland by adopting a system of high manuring in 
conjunction with the rotational grazing of their pastures. The 
advantages of rotational grazing have long been recognised (1) 
but during the last few years there has been a considerable 
amount of controversy as to the length of rest a pasture should 
have between each grazing. It has been shown (2 and 8) that 
young grass is more nutritious than older grass, but experiments 
(8 and 4) have shown that pastures grazed often give less total 
bulk than pastures rested for long periods. It is thus of import- 
ance for a farmer to decide what frequency of grazing will give 
him the best animal production, or, in other words, how long 
he can allow his pastures to grow before they deteriorate in 
feeding value ? The same question put in another form is, how 
often can a pasture be grazed without seriously reducing the 
total bulk of herbage produced? The present experiment was 
designed to ascertain the degree of frequency of grazing com- 
patible with the highest animal production. 

The experiment, which was started in 1028, was conducted 
on Spring Field, at the Welsh Plant Breeding Station. The first 
and second harvest year — 1928 and 1929 — ^grazing data have 
already been published (5), and the present paper is chiefly con- 
cerned with the third and fourth year results, 1980 and 1981. 
The sward consisted of several mixtures of grasses and clovers 
sown in June, 1927, and the grazing was so arranged that the 
sheep had equal access to all the mixtures under each scheme of 
grazing. The whole area received a dressing of 8j cwt. per 
acre of superphosphate 85 per cent, on April 21, 1980. 
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Nitrogenous manure in the form of nitro-chalk was applied three 
times in 1080 and twice in 1981, at the rate of 1| cwt. per acre 
for each dressing. 

The area used for the experiment consisted of 1.8 acres 
fenced off from the rest of the field. It was then divided into 
three strips, A, B, and C, each of which was further divided into 
five plots by means of hurdles. 

Gnuiing managemefit. 

The three traverses were treated exactly alike, except that 
each plot on : — 

Traverse A had 4 weeks rest between successive grazings. 

Traverse B had 2 weeks rest between successive grazings. 

Traverse C had 4 days rest between successive grazings. 

Sheep. The sheep used for the grazing consisted mainly of 
yearlings. In 1980, however, young weaned lambs were placed 
on the plots when the sheep were re-arranged on July 12. 
During the next fortnight, which was rather wet and cold, nearly 
all the lambs were scouring and they lost in weight and condition 
to a marked extent,^ so that on July 25 they were replaced 
by a further supply of yearling sheep. In the spring of 1981 two 
pairs of ewes and lambs were placed on each traverse along with 
three yearlings. In July, 1981, these were replaced by four pairs 
of ewes and lambs, together with one yearling until the end of 
August, when the lambs were weaned and taken off the plots. 
The sheep were grouped and weighed in accordance with the 
usual method (6) adopted at the Station. 

Ditcttstion of retultc. Third harvest year— 1930. 

Results. Table la shows the increase in live weight of sheep 
obtained during 1980, and Table Ib the number of sheep grazing 
days provided by each area for the same year. On comparing 
the two tables it is found that during the period “ April 25 to 
May 80 ” the increase in weight was similar on all areas, 
whereas the four weeks’ rest ” pasture gave over 80 per cent, 
more grazing days than either of the other two. During the 
period May 80 to July 12 the four weeks’ rest ” pasture 
gave a similar increase in live weight to the ‘‘ four days’ rest ” 
pasture, but here again it gave over 80 per cent, more grazing 
days. For the same period the ‘‘ two weeks’ rest ” pasture gave 
18 per cent, less increase in weight, but 18 per cent, more grazing 


^ These Umbs had previously been treated for stomach worms, but 
large numbers of tapeworm proglottids were passed with their faeces. 
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days than the four days* rest ** pasture. In the last period — 
July 25 to October 17 — no followers were placed on any of 
the treatments. During this period the best gain in live weight 
was made by the sheep grazing on the ‘‘ two-weeks rest ** 
pasture, and the poorest by those on the four days* rest ** 
pasture. 


TABLE I. 


Showing 1930 results. 

(a) Increase in live weight* of sheep expressed as lb. per acre. 


Resting period of 
sward. 

Period of the year. 

Total for 
1930. 

April 25 
to 

May 30. 

May SO 
to 

July 12. 

July 25 
to 

Oct. 17. 

4 weeks 

151 

100 

188 

889 

2 weeks 

150 

82 

158 

890 

2 days 

154 

102 

i 126 

382 


(b) Number of grazing sheep daysf per acre. 


(1) Leaders. 

All traverses 

878 

583 

940 

1846 

(2) Followers. 

4 weeks 

120 

450 


570 

2 weeks 

— 

888 

— 

888 

2 days 

— 

207 

— 

207 


* Live weight increase was taken on leaders only. 

t The number of “ leaders ” is the same on all traverses, whilst the 
number of sheep put on plots as “ followers ’’ and the time they were left 
on the plots depended on the amount of food offering after the leaders had 
moved forward. 

Taking the results for the whole year is will be seen that the 
difference between the increase in live weight produced by the 
three treatments is negligible, 8 lb. being the difference obtained 
between the best and the poorest. The amount of grazing pro- 
vided by these pastures, however, varies considerably, that of the 
“ two weeks* rest ** pasture being 6 per cent, more, and that of 
the “ four weeks* rest ** pasture being 18 per cent, more than 
that of the four days* rest ** pasture. 


L 
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TABLE II. 

Showing 1931 results. 

(a) Increase in live weight of sheep expressed as lb. per acre. 


Renting period of 
Sira rd. 

Period of the year. 

Total. 

April iS 
to 

May 29. 

* 

May 29 
to 

July 16. 

July 16 
io 

Sept. 2k. 

4 weeks 

■■ 

■■ 

50 j 

864 

2 weeks 



26 

839 

4 days 

■■ 



278 

(b) 

Number of 

grazing sheep days. 


(1) Leaders, 


1 


1 

All traverses 

420 

660 

1,050 

2,180 

(2) Followers, 





4 weeks 

0 

0 

45 

45 

2 weeks 

0 

0 

0 

0 

4 days 

0 

0 

0 

0 

4 


Table Ila shows the live weight increase of sheep in 1981 — 
fourth harvest year, and Table Ilb the number of sheep grazing 
days provided by each traverse during that year. It is seen 
from these figures that only a few extra sheep or ‘‘ followers 
were used during this year, so that the total number of sheep days 
was similar on all traverses. 

During the period April 28 to May 29 all the plots were 
subjected to the same grazing management. The plan followed 
was to give each plot two weeks’ rest between the grazings, con- 
sequently each plot was grazed twice during the period under 
review. This procedure was adopted in order to test the value of 
the early growth following upon the three methods of grazing. 
The weights of herbage taken from the plots in previous years 
had already indicated that the ** four weeks’ rest ” was most 
favourable to early spring growth, whilst the ‘‘ four-day rest ” 
pasture gave least spring growth. This is borne out by the 
figures (live weight increase) given for the early grazing period 
of 1981 (see Table Ila). The four weeks’ rest ” pasture gave 
the highest increase in live weight and the ** four days’ rest ” 
pasture the lowest increase. 

After May 29 the original scheme of grazing was again 
adopted. During the following six weeks there was little differ- 
ence in the live weight increase produced, but between July 16 
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and September 24 the differences were pronounced. The four 
weeks* rest ** pasture gave a fair increase in live weight, the 
two weeks* rest ** pasture gave about half that increase, whilst 
the sheep on the four days* rest ** pasture actually lost weight. 
Thus the total increase in live weight for the whole year varied 
considerably, the sheep on the “ four weeks* rest ** pasture giving 
86 lb. more, and those on the ‘‘ two weeks* rest ** 61 lb. more 
live weight increase than those of the four days* rest ** pasture, 
or, in other words, the sheep on the “ four days* rest ** pasture 
produced only 76.5 per cent, of the increase in live weight pro- 
duced by those on the “ four weeks* rest ** pasture. 

On comparing the two years 1980 and 1981 it is particularly 
to be noted that the stocking of the plots by “ leaders ** was 
heavier in 1981 than in 1930, and whereas a large number of extra 
sheep grazing days were available for “ followers ** in 1980 there 
were but few such days available in 1981. Thus the ‘‘ four-weeks 
rest ** pasture gave its increased productivity as extra grazing 
days in 1930 and as extra live weight increase in 1931. This result 
was probably in large measure due to what amounted to under- 
stocking of the plots of ‘‘ leaders ** in the early part of 1930, when 
the growth of grass was unusually abundant as the result partly 
of a dressing of phosphatic manure and partly of exceptionally 
favourable weather conditions. These circumstances led to a 
very rapid growth of herbage on the ‘‘ four weeks* rest ** pasture 
during the early summer. The herbage on this pasture showed 
a tendency to become coarse and stemmy and was not conducive 
to the production of a higher increase in live weight of sheep than 
plots with slightly less bulk but of better quality. There was a 
considerable amount of herbage left after the leaders **, which 
was cleared up by followers,** thus increasing the number of 
sheep grazing days. 

As has been previously stated as a result of the heavier 
stocking with leaders ** in 1981, practically all the herbage was 
cleared, and thus the increased productivity of the ‘‘ four weeks* 
rest ** pasture is shown as live weight increase of the sheep. 

Table Ilia indicates the live weight increase of the sheep on 
the three pastures for the four years during which the experiment 
was conducted. From this it is seen that the ** two weeks* rest ** 
pasture gave 95.5 per cent, and the ‘‘ four days* rest ** pasture 
gave only 88.2 per cent, of the live weight increase produced on 
the “ four weeks* rest ** pasture. This means that the ‘‘ four 
weeks* rest ** pasture produced 49 lb. more increase in live weight 
than the two weeks* rest ** pasture, and 186 lb. more than the 
** four days* rest ** pasture. 
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Table Illb shows the number of sheep grazing days provided 
by the three pastures for the four years. The figures also show 
that the four weeks’ rest ” pasture has done better than either 
of the other two ; the ‘‘ two weeks’ rest ” pasture producing 91.9 



per cent, and the ** four days’ rest ” pasture 88.6 per cent, of the 
number of sheep grazing days given by the ** four weeks’ rest ” 
pasture. 

Taking these two sets of data together it is evident that the 
** four weeks’ rest ” pasture has given far better remits than the 
four days’ rest ” pasture. The “ two weeks’ rest ” pasture 
occupies an intermediate position ; it approaches the ** four weeks’ 
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rest ** pasture in regard to increase in weight, and the four 
days* rest ** pasture in regard to the number of sheep grazing 
days. 

TABLE IV. 


Showing the average winter and early spring growth of the pasture 
expressed as lb. per acre. (The figures in brackets show the relative 
value — ^that of the “four weeks* rest*’ pasture being placed at 100). 


] 

East period of pasture. 

4 weeks. 

S weeks. 

4 days. 

(a) Spring 1929, 19»1 and 19S2. 

Yield of all species 

Yield of cocksfoot 

Yield of indigenous cocksfoot ... 
Yield of commercial cocksfoot ... 

1,888 (100) 
415 (100) 
618 (100) 
212 (100) 

1 

1,192 (fi9) 

211 (51) 

353 (5T) 

69 (33) 

1,002 (75) 

94 (22) 

146 (24) 

42 (20) 

(6) Spring 1981 and 1982. 

Yield of indigenous cocksfoot ... 
Yield of commercial cocksfoot ... 

615 (100) 
116 (100) t 

871 (60) 

8.5 (7) 

181 (21) 

2.5 (2) 


The effect of grazing management on winter and early spring growth. 

At the commencement of grazing each year, with the excep- 
tion of 1980, small areas of the pasture were cut on each plot. 
The herbage was collected, dried in scrim bags, weighed and 
analysed. The average results of the three years are shown in 
Table IV. From this table it is seen that the management of 
the pasture in any one year affects its growth in the following 
year. The plots which had a four weeks* rest ** between succes- 
sive grazings gave on an average 148 lb. more spring growth 
than those which had “ two weeks* rest,** and 881 lb. more than 
those which had only four days* rest.** This corresponds to a 
decrease of 11 per cent, and 25 per cent, respectively. 

The decrease in yield resulting from too frequent grazing is 
not the same for all species. The yield of cocksfoot, for instance, 
was reduced by 41 per cent, on the ** two weeks* rest ** pasture, 
and by 78 per cent, on the ** four days* rest ** pasture, as com- 
pared with its yield on the “ four weeks* rest ** pasture. This 
decrease is far more marked in cocksfoot than in the total herbage 
and therefore it follows that some species must react either 
differently or to a different degree as compared with other species. 
Furthermore, it is rendered apparent that even different strains 
of the same species — cocksfoot — ^react to a different degree. The 
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spring growth of indigenous cocksfoot was reduced by 48 per cent* 
on the two weeks’ rest ” pasture and by 76 per cent, on the 
** four days’ rest ” pasture, whilst that of commercial cocksfoot 
was reduced by 67 per cent, and 80 per cent, respectively as com- 
pared with their yields on the four weeks’ rest ” pasture. 

Leaving out of consideration the 1929 results which were 
obtained after only one year’s grazing, the data for commercial 
and indigenous cocksfoot are far more striking for the spring of 
1981 and of 1982, as is shown by the figures in Table IVb. In 
these two years indigenous cocksfoot was reduced to 60 per cent, 
on the two weeks’ rest ” pasture and to 21 per cent, on the 
four days’ rest ” pasture of its yield on the “ four weeks^ 
rest ” pasture, whereas commercial cocksfoot was reduced to 
7 per cent, and 2 per cent, respectively of its yield on the four 
weeks’ rest ” pasture. 

The above data show that cocksfoot does not thrive on areas 
which are grazed very often, but that this grass does relatively 
well on areas receiving four weeks rest between successive graz- 
ings. The data also show that commercial cocksfoot suffers far 
more from frequent grazing than does the indigenous cocksfoot. 


TABLE V.* 

Showing the average percentage composition of the three pastures in 

1930 and 1932. 



1 Date of analyses. 

Increase 

or 

decrease. 
Per cent. 

V) 

March, 

mo. 

Per cent. 

(*) 

September, 

me. 

Per cent. 

Perennial rye-grass 


12.4 

5.1 

— 7.3 

Crested dogstail 


10.8 

4.8 

— 6.0 

Rough-stalked meadow grass 


14.5 

2.6 

—11.9 

Cocksfoot 


4.4 

5.0 

-H 0.6 

Wild white clover 


1.9 

10.2 

+ 8.8 

Yorkshire, fog 


7.8 


-f 8.7 

Bent 


88.3 

50.0 

-f-16.7 

Other grass weeds 


11.8 

4.1 

— 7.7 

Miscellaneous weeds 

... 

8.6 

2.2 

— 1.4 

Number of tillers per 0 in. X 

6 in. 

873 

256 



* It is probable that some of the differences shown in the above table 
are partly due to the analyses having been made at different times of the 
year. 


The effect of grazing management on the botanical composition of the 

pasture. 

A detailed analysis of the pastures was made in September, 
1982. On comparison with the analysis carried out 2} years 
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before it was found that bent, Yorkshire fog and white clover 
had increased to a marked extent, whilst other species such as 
perennial rye-grass, crested dogstail and rough-stalked meadow 
grass had decreased. The total number of tillers per unit of 
area was much less in 1982 than 1930. This latter result is 
probably due to the time of year at which the analysis was made. 
Cocksfoot showed a slight increase in its percentage contribution 
in 1982 due to the smaller number of total tillers per unit of area, 
but actually the number of tillers had decreased to the extent 
of 20 per cent. Other unsown grasses and miscellaneous weeds 
had also decreased in number whilst Italian rye-grass, timothy 
and red clover had completely disappeared. 

TABLE VI. 

Showing the number of tillers of certain species of the different pastures 
in September, 1932, compared with that of the ** four weeks* rest** 
pasture, which is placed at 100. (The figures in brackets were the 
figures obtained in March, 1930). 



Pasture rested for 


4 weeks. 

g weeks. 

4 days. 

(a) Cocksfoot 

KM) 

43 (60) 

82 (47) 

Yorkshire fog 

KM) 

112 (79) 

114 (92) 

Bent 

KM) 

105 (102) 

115 (168) 

Crested dogstail 

KM) 

116 (108) 

126 (102) 

Rough>stalked meadow grass ... 

KM) 

162 

880 (79) 

Wild white clover 

KM) 

144 (111) 

148 (116) 

Miscellaneous weeds 

100 

122 (161) 

153 (191) 

Total tillers 

KM) 

105 (105) 

117 (119) 

(b) Indigenous cocksfoot 

KM) 

78 

52 

Commercial cocksfoot 

KM) 

4 

9 

(c) Cocksfoot where sown 

100 

SO 

44 

Cocksfoot where not sown 

100 

! 

1.4 

0.3 


The effect of the grazing management on the various species 
of grasses and clovers forming the swards is shown in Table VI. 
In this table the number of tillers of each species in the pastures 
is calculated relative to the number in the ‘‘ four weeks’ rest ” 
pasture which is placed at 100. 

The most striking feature is that cocksfoot is the only species 
present in any quantity in the sward which shows fewer tillers 
on the frequently grazed pasture. This decrease in the number 
of tillers of cocksfoot is very marked ; the ‘‘ two weeks’ rest ” 
pasture having 48 per cent, and the “ four days’ rest ” pasture 
having only 82 per cent, of the number of tillers present on the 
** four weeks’ rest ” pasture. Yorkshire fog, bent and crested 
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dogstail show a tendency to an increase in number of tillers on 
the areas receiving the short rest periods, though the 1980 
analysis showed Yorkshire fog to have the opposite tendency. 
Wild white clover, miscellaneous weeds and rough->stalked 
meadow grass show a far greater increase in the number of 
tillers ’’ on the areas receiving the shorter periods of rest 
between successive grazings as compared with the “ four weeks* 
rest ** pasture. In the case of rough-stalked meadow grass the 
1980 results seemed to show that it decreased on the frequently 
grazed pasture, but since that time the amount of this grass has 
decreased to the extent of over 75 per cent, and this decrease 
has been much more pronounced on the longer rested pastures. 

Taking into account all the species, it is seen that the ‘‘ two 
weeks* rest ** pasture gave 5 per cent, more and the four days* 
rest ** pasture gave 17 per cent, more tillers than the four 
weeks* rest ** pasture. This agrees with the figures obtained in 
1980. 

Another interesting comparison is that of the effect of grazing 
management on different strains of cocksfoot. As mentioned 
earlier in this paper the trial was conducted on several seeds 
mixture plots containing different species and also different strains 
of grasses, each being included to the same extent on the three 
grazing systems. The figures in Table VIb show that by grazing 
the pastures often the number of tillers of commercial cocksfoot 
was reduced to as low as 4 per cent, and 9 per cent, of the number 
present on the pastures receiving four weeks* rest between succes- 
sive grazings, whilst the number for indigenous cocksfoot was only 
reduced to 78 per cent, and 52 per cent on the “ two weeks* 
rest ** and four days* rest ** pastures respectively. Thus, 
whereas both strains of cocksfoot have been considerably reduced 
by frequent grazing, the commercial cocksfoot has suffered far 
more than the indigenous cocksfoot. 

The figures for cocksfoot in Table VI take into account all 
the plots whether cocksfoot was sown in them or not. When 
the plots are grouped into (1) those where cocksfoot was sown; 
(2) those where no cocksfoot was sown, different figures are 
obtained as shown in Table Vic. These figures suggest that on 
the four weeks* rest ** pasture the cocksfoot on the cocksfoot- 
sown plots has been able to re-seed itself to some extent. These 
seeds were dispersed to adjoining plots as the result of the roam- 
ing of the sheep. On the other two pastures it is probable that 
little or no seed was allowed to be formed on account of the 
sheep grazing at such frequent intervals and thus there has been 
no contamination on the adjoining plots where no cocksfoot was 
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sown. This probably explains to some extent the high figures 
obtained for cocksfoot on the ‘‘ four weeks’ rest ” pasture rela- 
tive to the numbers found on the other two pastures, and 
especially so for the commercial cocksfoot which is so apt to 
throw up panicles when given a comparatively long period of 
rest. 


Summary and Conclusions. 

The first and second year data which have already been 
published (6) are confirmed by the third and fourth year data 
submitted in the present paper. The results may be summarized 
as follows : — 

(1) The pasture receiving four weeks’ rest between succes- 
sive grazings has given a greater increase in live weight of sheep, 
and also it has carried more sheep per acre than the pasture 
which had only four days’ rest between successive grazings. The 

two weeks’ rest ” pasture was intermediate in its production. 
It yielded nearly as much live weight increase as the “ four 
weeks’ rest ” pasture, but its carrying capacity (for sheep grazing 
days) was not much higher than the “ four days’ rest ” pasture. 

(2) The management of the pastures in one year had a 
marked effeat on growth of herbage in the following spring. The 
pasture rested for a period of four weeks between successive 
grazings showed far more vigorous growth the following spring 
than the pastures receiving shorter intervals of rest : a result 
which was borne out by the early spring live weight increase. 

(8) The composition of the sward depends largely on the 
jgrazing management which it receives. Certain grasses such as 
cocksfoot thrive very well when given long rest periods between 
successive grazings, whilst they give poor results when grazed 
often. This is far more marked in the case of commercial than 
of indigenous cocksfoot. Other grasses have not been differen- 
tially affected to an appreciable extent by the three systems of 
Jgrazing adopted, whilst still others such as bent, white clover, 
and certain weeds have increased in number far more on the 
four days’ rest ” pasture than on the pastures receiving longer 
rest periods. 

The above data show conclusively that the grazing manage- 
ment of a pasture determines very largely the type of sward 
produced and the vitality of its components, whilst the value 
of these swards is reflected in the amount of live weight increase 
and the grazing days provided by them. 
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THE EFFECT OF MILLING ON SAINFOIN 

SEED. 


By John Rees^ B.A., M.Sc., 

University Corege, Cardiff. 


After threshing, the Sainfoin seed is enclosed within the 
husk which is a practically indehiscent pod, through which the 
sprout has to make its way on germination. Many of these 
pods may be unripe or empty, and may also be mixed with 
** seeds of such weeds as burnet. To remove the husk, burnet 
and inert matter, the pods are milled. Wittmack points out 
that although milled seed germinates more quickly it does not 
retain its vitality so long. Therefore milling has been practised 
with two objects in view, that of obtaining pure seed and higher 
and quicker germination. On the other hand, after some 
seasons, when the weather is not favourable for ripening, the 
seeds are liable to be damaged or cracked in the course of milling. 
For the purpose of estimating the effect of milling on laboratory 
germination and field establishment, milled and unmilled samples 
from the same 1930 crop were tested in 1981. 

In the spring, eight different lots of seed were obtained from 
firms dealing in Sainfoin. One part of each lot was milled and 
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the other unmilled. The milled portions were again divided, 
and the husk of one half removed by rubbing between two rubber 
covered boards. Each lot was now divided into (a) unmilled, 
(b) rubbed by hand, and (c) milled portions, from the same 
original unmilled seed. 
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Laboratory Tests. 

Samples of each three portions of the eight lots were sent 
to the Official Seed Testing Station where the germination test 
was carried out. The results of this test are shown in Table I. 

It will be seen from Table I that in lots 2, 8, 4, 7 and 8 
the effect of milling was to increase the percentage germination 
of the seed. In lots 5 and 6 rubbing gave a higher germina- 
tion than milling while the milled portion of lot 6 showed a 
lower percentage of viable seeds than the unmilled. This lot 8 
had the least number of hard seeds and the highest number of 
broken growths so it is probable that the seeds of these lots were 
softer and consequently more seriously damaged in the milling 
process. 

Taking all the lots, the number of hard seeds was highest 
in the unmilled and lowest in the milled seeds, whilst the number 
of hard seeds in the rubbed seed was not considerably lower than 
in the unmilled. 

It seems then that milling tends to induce broken growths 
and to reduce the number of hard seed. 

Field Tests. 

Identical samples were reserved for sowing at the trial 
grounds at Cardiff. 

Particulars of the time of sowing and the condition of the 
soil and state of the weather are given in Table II. 

TABLE 11. 


Lot$. j 

Sowing, 

Date, 

Condition of 
soil. 

Weather, 

1, 2, & 8 

First. 

Mar. 25 

Good. 

Fine. 

1, 2, & 8 

Second. 

Apr. 13 

Good. 

Fine. 

1. 2. & 8 

Third. 

Apr. 80 

May 18 

Rather wet. 

Fine. 

1, 2. & 8 

Fourth. 

Rather wet. 

Rain came os 
after sowing. 

1, 2, & 8 

Fifth. 

May 27 

Good. 

1 

Fine when sow- 
ing, but very 
heavy thunder- 
storm after. 

4, S, 6, 7, & 8 

First. 

1 June 4* 

Wet. 

Fine. 

4, 5, 6, 7, & 8 

Second. 

June 80 

I 

Dry. 

Fine. 


After sowing, the drills were covered with wire netting to 
keep off birds until the plants reached the pinnate leaf stage. 
Traps were also used against mice and such vermin. Counts were 
made almost daily for the first month and then at frequent 
intervals until they were fairly constant. It was noticed that a 
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count was sometimes smaller than the previous one, which 
indicates that casualties had occurred between the counts. These 
casualties were more frequent as the season advanced. As the 
plants were not removed at the time of counting, it is not possible 
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to account for the total casualties as they may have been compen- 
sated to some extent by fresh appearances. Hence the totals 
for field germination may be too low. 


174 The Welsh Journal of Agriculture. 

The results in the field, typical examples of which are given 
in Table III, may be considered from the point of view of the 
time taken for the plants to appear above the ground and the 
maximum count as well as the time taken to reach it. As to 
the time of first appearances, there are often differences of one 
or two days in favour of milling the seed. When the day of 
first appearance was the same, more plants appeared from the 
rubbed and milled seed than from the unmilled. In the later 
sowings, the number of plants from the rubbed seed was greater 
than that from the milled seed on the day of first appearance. 
Considering the total germinations, in the case of the early 
sowings of lots 1 and 2 the milled seed showed a higher germina- 
tion but lost this relative position in the case of the last sowing. 
The milled seed of lot 8 which tested low in the laboratory lost 
its viability in the field test very rapidly before the last sowing. 
In lots 4, 5, 7 and 8 there was an increase in the maximum counts 
with the later sowing of all treatments, but it was relatively 
smaller in the case of the milled seed whilst the rubbed seed 
kept its leading position in all these lots. This indicates that 
the milled seed lost its germinating power quicker than either 
the rubbed or the unmilled. This may be due to slight damage 
to the coat or to cracking of the seed. 

All the drills were cut at the end of September, 1981, and 
the plants counted in situ. The hay and aftermath were again 
cut in 1932 and the plants were all dug up at the beginning of 
October and counted. 

In September, 1981, quite a number of plants appeared to 
have germinated since the last count, but even then the number 
of plants surviving was seldom equal to the maximum count. 
In lot 1, the figures in both years agree fairly well with those of 
maximum field counts for the different sowings. In lot 2, the 
milled portion tended to drop behind the others in 1981 and 
much more so in 1932. At the end of the 1981 season in lot 8 
the counts agreed well with the maxima, but in 1982 there was 
a greater divergence between the milled and the other two. In 
the case of lot 8, the 1982 count agreed better with the labora- 
tory tests than with the previous field counts. The remaining 
lots agreed essentially with the maximum field counts. In all 
cases there was an appreciable reduction in the number of plants 
by 1982 even in the lots of Common Sainfoin. 

Correlation between Laboratory and Field Jletultt. 

Lots 2 and 6 show a fair agreement between the two tests. 
The field results with lot 1 are somewhat variable. In lot 8 
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the germination of the milled seed was higher than that of the 
unmilled in the laboratory, and lower than both in the field « 
The milled seed of lot 4 gave the highest germination of the 
three in the laboratory but the lowest in the field. In lot 5, 
the milled gave lower count than the rubbed in 14 days and 
than both in 27 days at the Seed Testing Station, and in the field 
it was much lower than either. In both lots 7 and 8, whilst 
the milled seed gave the best performance in the laboratory, the 
rubbed seed did best in the field in 1931. 

Perhaps it would not be fair to draw too definite conclusions 
from such a small number of lots but it appears that whilst 
milling does not invariably give better results in the laboratory, 
there is very little advantage in milling for field purposes apart 
from removal of burnet. When the seed is not quite well 
ripened and harvested in good condition, definite harm may 
result from milling. The fact that milled seed behaves differ- 
ently from the rubbed shows that milling does more than 
remove the husk and that injury to the seed may occur. When 
the germination of an unmilled sample is low, the rate of sowing 
can be adjusted. For this reason a germination test is very 
essential in the case of Sainfoin, which is usually so variable. 

Summarj. 

Milled, unmilled and rubbed seed of Sainfoin from the same 
lots were obtained from different seedsmen. Their germination 
was tested at the Official Seed Testing Station, Cambridge. 
Samples of these were also sowrl in field plots at Cardiff and 
counts of plants taken at different periods. At both centres the 
milling of the seed generally resulted in quicker germination. 
In the field, however, milling did not always result in the highest 
number of plants established as might be expected from the 
laboratory tests. It is suggested that in these instances milling 
had damaged the seed with a consequent reduction of the plants 
established in the field. Milling tended to reduce the percentage 
of hard seeds while increasing the number of broken growths. 
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THE EFFECT OF A NURSE CROP ON THE 
ESTABLISHMENT AND FIRST YEAR 
YIELDS OF VARIOUS GRASSES AND 
CLOVERS WHEN SOWN IN PURE PILOTS 
AND IN MIXTURES. 


By T. Emlvn Jones, N.D.A., 

Welsh Plant Breeding Station, Aberystwyth. 


Introduction. 

An investigation on the influence of a nurse crop carried out 
on clay soil in dry situations by Rhodin (1) in Denmark and 
referred to by Stapledon and Jones (2) showed that a nurse crop 
had a beneficial effect. Rhodin, however, concluded that this 
effect was due to the fact that the young seeds were protected by 
the nurse crop from drying out. Work on this problem at Aber- 
ystwyth reported on by Stapledon and Jones (2) produced 
evidence showing that a nurse crop favoured the establishment of 
the grasses and clovers by checking a too vigorous early growth 
of these species and so reducing inter-competition between species* 
Later work at Aberystwyth by Davies (8) showed that the effect 
of a nurse crop was to retard the development of the nursed seed- 
lings, but that a cereal crop may prove a less aggressive com- 
petitor than the rye-grasses and so may have a beneficial effect 
on mixtures including these species by retarding their earlier 
growth. The present paper deals with an experiment designed 
primarily to test the effect of a nurse crop on various grasses and 
clovers both in pure ])lots and in certain seeds mixtures. The 
aeeondary part of the experiment consisted of the application of 
siitro-chalk at sowing time to some of the plots to test the effect 
of this manure on species sown both under a nurse crop and with- 
out a nurse crop. 

Material and Methods. 

For the purpose of this experiment an area of ground was 
divided into six blocks, each block containing 28 plots 1/ 600th 
acre in size, making a total of 168 plots. Half of this area, t.c., 
three blocks, was sown under a nurse crop consisting of a mixture 
of barley and oats, while the other three blocks were sown without 
a nurse. In order to test the effect of nitrogenous manuring 
half the number of plots in each block were dressed with 100 lb. 
per acre of nitro-chalk at sowing time and with a similar amount 
two months after sowing. 

The following species and strains were tested, together with 
seven mixtures : — Perennial rye-grass, Italian rye-grass, commer- 
cial cocksfoot, indigenous cocksfoot, timothy, meadow fescue, 
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rough-stalked meadow grass and Montgomery red clover. All 
species and mixtures, except indigenous cocksfoot and Mixture 7, 
were replicated six times ; indigenous cocksfoot and Mixture 7 
were replicated three times. 
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Three months after sowing sheep were turned on to the no- 
nurse plots. The nurse plots were grazed by sheep after the com 
crop had been harvested. 

Counts were made on the plots by taking ten readings with 
the 6 inch x (i inch mesh in the case of the pure species, while a 
percentage tiller estimation was made on the mixtures in the 
seeding year. 

The following year the plots were put up to hay and cut 
in June. The green weight of each plot was ascertained and a 
2 lb. sample taken from which the air-dry weight of the plots 
could be calculated and also a 1 lb. sample for botanical analysis. 
The plots were cut again in September for aftermath, and a similar 
technique adopted. Counts of plants and tillers were again made 
on the pure plots, but no botanical analysis was carried out on 
the mixtures for the first harvest year. 


Discussion of results. 

I. The effect on species sown in pure plots. 

The figures in Table I show that in the majority of species 
tested there has been a reduction in establishment due to the 
nurse crop. Meadow fescue and Montgomery red clover show no 
effect, while perennial rye-grass seems to have benefited by the 
use of a nurse crop. The application of nitro-chalk has resulted 
in a reduction in establishment except in the case of Montgomery 
red clover, which shows an increase in establishment under a 
nurse crop as a result of an application of this manure. 

The results shown in Table I are confirmed by the figures 
presented in Table II, which relate to counts of plants and tillers 
made in the following year, namely, the first harvest year. 

Table II shows that there has been considerable winter- 
killing in the majority of species; commercial cocksfoot and 
Italian rye-grass having fared worst. Perennial rye-grass, how- 
ever, shows an improvement in establishment under a nurse crop 
but a decrease when sown without a nurse crop and without 
nitro-chalk. The application of nitro-chalk as shown from the 
figures in Table II has resulted in less winter-killing. Thus nitro- 
chalk is seen to have had a beneficial effect in the first harvest 
year. 

A study of Table III shows the effect of the treatments on the 
yield of the species. The figures show that the yields in the case 
of perennial rye-grass, commercial cocksfoot, toothy and 
meadow fescue have not been affected by the nurse crop. Italian 
rye-grass has benefited considerably and Montgomery red clover 
slightly by the use of a nurse crop, while indigenous cocksfoot has 
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Showing the effect of a nurse crop and alto the effect of nitro-chalk 
on ettaUUhment in the first harvest year. The figures represent the 
number of plants and tillers inside ten readings taken within a 6 inch 

mesh. 



Perennial 

rye-gram. 

Italian 

rye-grass. 

Commercial 

cocksfoot. 

Indigenous 

cocksfoot. 

Treatment, \ 

Plants 1 

1 Tillers 

Plants 

1 

Tillers 

Plants 

1 

Tillers 

Plants 

Tiileri 

1 

No-nurse-hN 1 

118 

879 

62 

261 

86 

436 

125 

1 

849 

No-nurse — N 

93 

54.8 

32 

180 

85 

384 

101 

968 

No-nurse 

105 

713 

47 

! 

195 

1 

85 

I 

410 

1 

1 , 

113 

906 

Nurse -l-N 

126 

1183 

1 

50 

302 

63 

1 

384 

65 

815 

Nurse — N 

121 

903 

43 J 

190 1 

91 

312 

65 

[ 992 

Nurse 

128 

1043 

46 

246 

77 

363 

J 

65 1 

903 


i 

Timothy. 

Meadow 

fescue. 

Rough-stalked 
meadow grass. 

Montgomery 
red clover. 

Treatment. 

Plants 

Tillers 

Plants 

Tillers 

Plants 

Tillers 

Plants 

1 Tillers 

No-nurse+N 

100 

468 

89 

337 


1375 

47 


No-nurse— N 

125 

406 

76 

1 

314 

— 

1780 

58 

— 

No-nurse 

112 

434 

! 

82 

325 

i 

— 

1577 

52 


Nurse -l-N 

65 

881 

71 

373 


1590 

42 



Nurse— N 

83 

841 

92 

400 

— 

1650 

55 

1 

Nurse 

74 

1 

861 

81 

385 

1 

— 

1 1620 

48 

1 


suffered; rough-stalked meadow grass has been very slightly 
affected. The effect of a dressing of nitro-chalk is very marked 
on some of the species, particularly under a nurse crop. Com- 
mercial cocksfoot and meadow fescue show an increase in yield 
as a result of a dressing of nitro-chalk, both with and without a 
nurse crop, whereas perennial rye-grass, Italian rye-grass, 
indigenous cocksfoot and timothy show an increase in yield under 
a nurse crop, while without a nurse crop there is no increase in 
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yield following an application of this manure. Although the 
figures show an increase in yield of Montgomery red clover as a 
result of an application of nitro-chalk, this increase is not great 
enough to permit of a definite pronouncement on this point. 
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II. The effect on species sown in certain seeds mixtures. 
The seeds mixtures tested are shown in Table IV. 


TABLE IV. 

Showing thn species and seed rate in lb. per acre used in the seeds 

mixtures tested. 


Species, 

Mix- 

ture 

1 

Mix- 

ture 

Mix- 

ture 

S 

Mix- 

ture 

4 

Mix- 

ture 

5 

Mix- 

ture 

6 

Mix- 

ture 

7 

Italirin rye-jrrass 



6 

18 


10 


Perennial rye-grass 



... 

— 

14 

14 

— 

Cocksfoot 


10 

10 

10 


— 

— 

Timothy- 


4 

4 

4 


— 

— 

Meadow fescue 

10 

i 10 1 

10 

10 1 

1 — 

— 

— 

Crested dogstail 
Rough-stalked meadow 

o 

1 

2 

! 2 

1 ^ 

2 

1 - 
1 


— 

grass 

2 

2 

i 2 

i 2 

i 4 

4. 

— 

Montgomery red clover 

4 I 

4 

1 4 1 

1 4 

1 4 

4 


Wild white clover 

2 

2 

' 2 

2 

i S 

3 

— 

Burnet 





— 

1 

\ 

— 

30 

Hibgrass 


— 

— 


1 

\ 

— 

30 


The result of the botanical analyses made in the seeding year 
is given in Apj^endix I, in which the actual number of tillers of 
each species is indicated, together with the total number of tillers 
per ten readings taken inside a square mesh 0 inch x 6 inch and 
also the percentage estimation of bare ground and ground 
covered by moss. 

Table V consists of figures obtained from an average of 
Appendix I. 

Table V shows that there has been a reduction in the number 
of tillers of all species as a result of the use of a nurse crop ; the 
greatest reduction being in the case of wild white clover, unsown 
legumes and weeds, while cocksfoot and unsown grasses have not 
been greatly affected by the use of a nurse crop. Table V also 
shows that there is a considerable increase in bare ground and 
ground covered by moss resulting from the use of a nurse crop. 
An application of nitro-chalk has resulted in a decrease in the 
number of tillers of timothy, crested dogstail, Montgomery red 
clover, wild white clover and weeds, while cocksfoot, meadow 
fescue, rough-stalked meadow grass, unsown legumes and unsown 
grasses seem to have benefited from an application of this manure. 
The amount of bare ground has been reduced by the use of 
nitro-chalk. 

The effect of treatments on the gross yield, net yield of sown 
species and also the individual yield of species in cwt. per acre as 
hay and aftermath in the first harvest year is shown in 
Appendix 11. 
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TABLE V. 

Showing the relative number of tillers produced under various treatments. 



(a) 

Tillers produced 
under a nurse 
crop relative to 
no-nurse placed 
at 100. 

(6) , 

Tillers produced 
as a result of an 
application of 

nilro-chalk rela- 
tive to no nitro- 
chalk at 100. 

Perennial rve-f^rass 

78.9 

98.0 

Italian rye-grass 

78.5 

86.9 

Cocksfoot 

94.8 

111.8 

Timothy 

73.5 

60.0 

Meadow fesi-ue 

84.9 

111.6 

Crested dogstail 

73.4 

6T.2 

Rough-stalked meadow grass 

82.0 


Montgomery red clover 

77.4 

70.6 

Wild w’hite clover 

86.4 

78.4 

Other legumes 

46.0 

117.4 

Other grasses 

90.4 

128.8 

Weeds 

57.7 

78,7 

Total tillers 

74.7 

95.7 

Bare ground 

171.3 

84.8 

Ground covered by moss 

138.3 

110.8 


The figures shown in Table VI were obtained from an average 
of the weights given in Appendix II. 

TABLE VI. 

Showing the relative yield produced under various treatments. 



(«) 

Yield produced 
under a nurse 
crop relative to 
no nurse at 100. 

w 

Yield produced 
as a result of an 
application of 

nitro-chalk rela- 
tive to no nitro- 
chalk at 100. 

Perennial rye-grass 

110.2 

96.8 

Italian rye-grass 

131.1 

91.2 

Cocksfoot 

122.0 

180.9 

Timothy 

89.8 

91.7 

Meadow fescue 

98.9 

109.6 

Cre.sted dogstail 

52.7 

88.8 

Rough-stalked meadow grass 

117.5 

75.8 

Montgomery red clover 

95.6 

106.5 

Wild white <*lover 

67.0 

124.1 

Other legumes 

100.0 

100.0 

Other grasses 

106.4 

88.8 

Weeds 

136.1 

59.1 

Total yield 

105.1 

102.0 

Net yie!d of .sown species 

104.1 

108.9 
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Table VI shows that the nurse crop has not had any 
appreciable effect on either the gross yield or the net yield of 
sown species 9 but with reference to the individual yield of species 
it is seen that the yields of crested dogstail and wild white clover 
have been reduced as a result of the use of a nurse crop, while 
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Mixture 1 
Mixture 2 
Mixture 3 
Mixture 4 
Mixture 5 
Mixture 6 


the yields of Italian rye-grass, cocksfoot, Montgomery red clover, 
rough>stalked meadow grass and weeds have been increased by 


this treatment. 
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Considering the effect of an application of nitro-chalki 
Table VI shows that cocksfoot and wild white clover have 
benefited by the use of this manure, whereas the yields of crested 
dogstail, rough-stalked meadow grass and weeds have been 
depressed. 

III. The effect of competition on the yield of individual species. 

Table VII shows the average yield per acre of certain species, 
together with the seed rate in lb. per acre. 

A study of Table VII illustrates the effect of competition on 
the yields of certain species. Both meadow fescue and timothy 
suffer considerably from comj)etition with grasses such as Italian 
rye-grass and cocksfoot as shown by their rapid decrease in yield. 
Also the competitive effect of Italian rye-grass on cocksfoot is 
shown by the reduction in yield from 21.39 cwt. to 12.61 cwt. 
when Italian rye-grass is included in the mixture to the extent 
of 6 lb., while a further reduction in yield to 8.47 cwt. is 
recorded when it is included to the extent of 18 lb. These figures 
confirm previous work carried out at Aberystwyth by Davies (8). 

Conclusions. 

I. The effect of the nurse crop. 

From the data collected in the seeding year it is seen that 
the nurse crop has a depressing effect on establishment as shown 
by a reduction in the number of plants and tillers. Another 
important point in connection with this problem is the higher 
percentage of bare ground resulting from the use of a nurse crop. 
It may, therefore, be said that a nurse crop hinders the forma- 
tion of a close sward, and although in the seeding year the nurse 
crop may depress weeds the open sward resulting from this treat- 
ment presents ideal conditions for the rapid spread of weeds 
subsequently, as illustrated by the figure obtained in the first 
harvest year, which shows a higher yield of weeds on the nurse 
plots than on the no-nurse plots. Nevertheless the higher per- 
centage of weeds on the no-nurse plots in the seeding year may 
result in the reduction in size of plants of sown species under this 
treatment due to competition, and so adversely affect the yield 
in the first harvest year. This statement is borne out by data 
obtained in the first harvest year, which show that there is 
comparatively no difference in the yields under the two treat- 
ments, although the counts of plants and tillers show that there 
are more plants and tillers on the no-nurse plots. With reference 
to the effect of a nurse crop on individual sp^ecies, perennial rye* 
grass when sown in pure plots appears to benefit by this treat- 
ment both as regards number of plants and yield, although when 



The Effect of a Nurse Crop. 


185 


«;own in a seeds mixture the number of tillers is reduced by this 
treatment, but the yield is not greatly affected. Italian rye-grass 
shows a reduction in the number of plants and tillers in the 
seeding year when sown both in pure plots and in mixtures, but 
in the first harvest year there is no difference in the number of 
plants as a result of the use of a nurse crop, although the yield 
in the first harvest year shows a considerable increase resulting 
from this treatment. This increase in yield may be explained by 
the fact that the no~nurse plots were grazed earlier than the 
nurse plots, and this may have hindered the development of the 
plants in the seeding year and so affected their size in the first 
harvest year. Cocksfoot, both commercial and indigenous, 
shows a reduction in the number of plants when sown in pure 
plots in both the seeding year and the first harvest year, but 
when sown in a seeds mixture the reduction is insignificant. The 
yield of this species, however, seems to have been reduced by 
this treatment when sown in pure plots, but when sown in a 
mixture the yield tends towards an increase. The number of 
tillers of timothy, both in pure plots and in seeds mixtures, is 
reduced by the use of a nurse crop. The yield when sown in 
pure plots has not been affected, but in seeds mixtures it has 
been slightly reduced. The use of a nurse crop has not had any 
significant effect on first harvest year yields in meadow fescue 
and Montgomery red clover, but there is a marked depression 
in the number of tillers in the seeding year. The number of 
tillers and first harvest year yield of crested dogstail and wild 
white clover have been adversely affected by the use of a nurse 
crop when sown in a seeds mixture, while rough-stalked meadow 
grass has benefited. The effect of a nurse crop on weeds shows 
a reduction in the number of tillers in the seeding year, but an 
increase in yield of weeds is recorded in the first harvest year. 

II. The effect of nitro-chalk. 

As regards the total yield of mixtures no benefit has been 
derived from an application of nitro-chalk; in the case of indi- 
vidual species cocksfoot and meadow fescue benefit by its use, 
while there is a reduction in weeds. On account of the high 
weed content of Mixture 7, the figures for this mixture have been 
excluded from the tables. 


Summary. 

The results obtained in the present experiment indicate that 

A nurse crop 
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(1) Has had a beneficial effect on perennial rye-grass when 
sown in pure plots, but a detrimental effect on that species when 
included in seeds mixtures ; 

(2) Has not had any significant effect on first harvest year 
yields of meadow fescue and Montgomery red clover, but has 
caused a marked reduction in the number of tillers; 

(8) Has had a detrimental effect on crested dogstail and wild 
white clover; 

(4) Has been responsible for a higher percentage of bare 
ground and has hindered the formation of a close sward in the 
seeding year; 

(5) Has had no significant effect on first harvest year yields 
of hay and aftermath. 

An application of nitro-chalk at the time of sowing was 
followed by a reduction in weeds, but total yield in the first 
harvest year was not affected materially. 
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SULPHATE OF AMMONIA COMPARED 
WITH NITRO-CHALK AS A NITROGENOUS 
FERTILIZER ON AN OPEN HIT.L MOLINIA 

PASTURE. 

By T. Emlyn Jones, N.D.A., 

Welsli Plant Station, Abcrystwytlu 

Introduction. 

Results of considerable significance have been obtained at 
Aberystwyth, reported on by Davies and Jones (1) on the 
manurial response on a typical hill Molinia pasture* These 
results show that a rapid change is brought about in the flora 
on the manured plots, particularly those receiving nitrogen in the 
form of nitro-chalk ; the original Molinia pasture being trans- 
formed into a typical bent-fescue pasture, while an increase in 
yield was also recorded. 

The present paper deals with a preliminary experiment 
designed to ascertain the effect of sulphate of ammonia compared 
with nitro-chalk on the botanical composition and yield of an 
open hill Molinia pasture. As the experiment was only of a pre- 
liminary nature and unreplicated, the results obtained are chiefly 
of value as indicating general tendencies. 


Material and Methods. 

A Molinia area, 10 ft. x 20 ft. was fenced in, the vegetation, 
which consisted chiefly of dead matter, having been previously 
burned. This area was halved and a 6 ft. x 6 ft. plot marked 
out in each half, leaving a 2 ft. border round each plot. 

An initial application of superphosphate at 4 cwt. per acre 
was given to the whole area, and nitro-chalk at cwt. per 
acre and sulphate of ammonia at cwt. per acre to each respect- 
ive plot. A clearing cut was made on June 1st, after which the 
plots were cut monthly ; all defoliation being done by means of 
hand clippers. A dressing of nitro-chalk at 1 cwt. per acre and 
sulphate of ammonia at f cwt. per acre was applied to each 
respective plot after each cut, excepting the last cut of the year, 
which was made on November 1st, when the dressing was 
increased to 1 J cwt. per acre of nitro-chalk and 1^ cwt. of sulphate 
of ammonia. After the November cut the plots were allowed to 
grow until June 1st in the following year. This gave the total 
yearly yield. 

A botanical analysis was made before each cut on each plot. 
The method of analysis was similar to that used by Davies and 
Jones (1) and is carried out by taking ten readings at random 
with the 6 in. X 6 in. mesh on each plot; the percentage pro- 
ductivity (i.e., percentage by weight) is estimated, ten marks are 
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given at each reading and these marks are allotted to each species 
present in proportion to its relative abundance (by weight). 
After cutting, the grass from each plot was placed in scrim bags 
and air-dried to a constant weight. The experiment was carried 
on for the second year and a similar technique adopted. As 
regards manures, no superphosphate was applied in the second 
year, but dressings of nitro-chalk and sulphate of ammonia were 
given as in the first year. 

Results. 

From the percentage productivity analysis and the monthly 
air dry yields, the actual yield of each species has been calculated 
and the figures obtained are given in Tables I and II. 

TABLE 1. 

Showing actual air dry yield of each species per month and total yield 
for the year (1/6/30 — 30/5/31) in cwt. (“lOO lb.) per acre; first 

year of treatment. 


Nitro-chalk. 



1 

Molinia 

u 

•S ^ 

Bent 

Xardus ami 
Trioclia 

gpaa.jl 

^fosx and 
inert matter 

Total 

yield 

June 

7.5^1 

0.80 

o.;t2 

O.iH 

0.4S 

1.07 

10.68 

July 

n.(r 

0.14 1 

0.37 

T race 

0.(K) 

0.42 

4.36 

August ' 

I.IM 

0.29 

0.17 

0.15 

0.21 

0.25 

2.50 

September 

0,06 

0.23 1 

0.i7 

O.05 

0.05 

0.15 

1,01 

October 

0.01 

0.15 ! 

O.il 

0.0.) 

0.02 

0.17 

0.81 

Winter growth 

().‘i0 

3.62 i 

1.41 

Trace* 

0.05 

0.13 

5.41 

Total 

i2.;io 

.5,.53 

1 

3.1.5 

1 

<1.73 

1 

0.87 

2.19 

24.77 



Sulphate of ammonia. 

Molinia 

Fine-leared 

fescue 

Bent 

Nardus and 
Triodia 

on 

tit 

Moss and 
inert matter 

Total 

yield 

June 

11.18 

1 

1.07 

1 0.22 

f 

0.50 

0.48 

1 

0.98 

14.88 

July 

4.98 

1.07 

1 0.81 

0.07 

0.24 1 

0.28 1 

6.90 

August 

1.86 I 

0.77 1 

1 0.48 

0.17 1 

0.29 

0.11 

8.68 

September 

0.10 

0.50 

1 0.55 

0.02 

0.11 

0.20 

1.48 

October 

0.01 

0.47 1 

1 0.26 

0.08 

0.05 1 

0.26 

1.08 

Winter growth 

0.28 

j 

1.19 

I 0.08 

0.08 

Trace 

0.12 

1.70 

Total 

‘ 18.86 

5.07 

1 1.90 

0.82 

1.12 

1.90 

29.17 
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TABLE II. 

Showing actual air dry yield of each species per month and total yield 
for the year (1/6/31 — 30/5/32) in cwt. ( = 100 lb.) per acre; second 

year of treatment. 



Nitro-chalk. 

Molinia 

Fine-leaved 

fescue 

Bent 

Nardus and 
Triodia 

Weeds 

Moss and 
inert matter 

Total 

yield 

June 

0.46 

0.84 

i.an 

0.08 

0.09 

0.19 

9.30 

July 

l.L) 


0.40 

0.06 

0.12 

0.13 

6.23 

August 

0.10 

0.80 

3.06 

0.02 

0.04 

0.08 

4.10 

September 

Traee 

0.4.5 

2.63 

0.(^2 

0.02 

0.08 

3.20 

October 

— 

0.07 

0..5.5 

'IVace 

Trace 

0.02 

0.64 

Winter growth 

Trace 

0..57 

5.. 55 

— 

0.13 

0.13 

6.38 

Total 

1.71 

4.10 



22.82 

0.18 

0.40 



0.63 

29.85 


Sulphate of ammonia. 



.Molinia 

Fine-leaved 

fescue 


Nanhis and 
Trifidia 

y> 

y 

Moss and 
inert matter 

Total 

yield 

June 

4.20 

2.18 

0.65 

' 0.01 


0.18 

7.25 

tTuly 

5.33 

1.14 

1 0.17 

1 ..... 

Trace 

0.07 

6.71 

August 

0.76 

1.5H 

0.27 

0.09 

— 

0.15 

2.85 

September 

0.01 

0.83 

0.11 

0.01 

— 

0.13 

1.12 

October 

Trac»* 

0.23 

0.06 

Trace 

Trace 

0.05 

0.34 

Winter growth 

0.27 

I.S9 

! 0.20 

0.01 

Trace 

0.13 

2,50 

Total 

10.60 

7. ft.-. 

1.16 

0.1. 

1 

Trace 

0.71 

1 

20.77 


A study of Table I (first year) shows that there is a greater 
yield of Molinia under the sulphate of ammonia treatment than 
under the nitro-chalk treatment, while the figures for bent show 
a greater yield under the nitro-chalk treatment than under the 
sulphate of ammonia treatment. As regards total yield, the 
greater yield is derived from the sulphate of ammonia plot. 

The results are more marked in the second year. The figures 
in Table II show that there is a much higher yield of Molinia 
under the sulphate of ammonia treatment than under the nitro- 
chalk treatment, but compared with the previous year’s figures 

N 
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there has been a reduction in the yield of this species under both 
treatments, but a greater reduction is recorded under the nitro- 
chalk treatment. Also fine-leaved fescue shows a higher yield on 
the sulphate of ammonia plot than on the nitro-chalk plot. Bent, 
however, shows a very marked response to an application of nitro- 
chalk, while practically no response is recorded under the sulphate 
of ammonia treatment. From a comparison of the figures given 
for total yield Table II shows that in the second year of treat- 
ment there is a higher yield under the nitro-chalk treatment than 
under the sulphate of ammonia treatment. 

Discussion of results. 

In the first year of treatment and particularly in the first 
two months, sulphate of ammonia was superior to nitro-chalk 
as regards total yield. In the second year, however, nitro-chalk 
proved to be far superior to sulphate of ammonia. Under the 
nitro-chalk treatment there was a reduction in the yield of 
Molinia^ but this reduction was compensated for by a consider- 
able increase in the yield of bent. In other words the original 
Molinia pasture was changed into a bent pasture, forming a 
dense sward. Under the sulphate of ammonia treatment there 
was a reduction in the yield of Molinia^ but not to such a marked 
degree as under the nitro-chalk treatment. While a slight 
increase in fine-leaved fescue is recorded, bent shows no increase 
in yield under the sulphate of ammonia treatment. Thus it is 
seen that there has been comparatively little change in the com- 
position of the original Molinia pasture under this treatment; 
the appearance of the pasture has also remained constant, being 
an open pasture with a large amount of bare ground. The 
implications of these results are of great importance when the 
length of the growing season is considered. Molinia as a grass 
has a very short growing season, which begins about the middle 
of May and ends towards the latter part of July or the early part 
of August. After this period no growth takes place and the 
herbage dies off. Bent, however, has a much longer growing 
period, as shown by the figures given in Tables I and II, and 
does not die off or burn to the same extent as Molinia. Also it 
is generally recognised that the palatability of the two species 
differs considerably. Bent, although not a highly palatable 
species when compared with the rye-grasses, is considerably more 
palatable than Molinia. Consequently, the transforming of a 
Molinia pasture into a bent pasture may be regarded as a con- 
siderable improvement. In order to bring about this improve- 
ment, judging from the results obtained in this experiment, nitro- 
chalk is to be preferred to sulphate of ammonia as a nitrogenous 
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fertilizer on Molinia pastures. It is to be particularly emphasised^ 
moreover, that these results have been obtained under a system 
of rigid defoliation, and consequently under grazing conditions 
such rapid changes as have been brought about could only be 
effected by supporting the dressings of nitro>chalk with a system 
of controlled grazing of altogether greater intensity than that 
normally practised on open hill sheep walks. Further evidence 
is being obtained on the severally practical aspects of the 
ecological results that have been brought under review. Critical 
trials are also being set up to test the influence of a large number 
of nitrogenous fertilizers. 


Summary. 

(1) In the first year of treatment sulphate of ammonia 
appeared to be superior to nitro-chalk. 

(2) By the second year the Molinia pasture was transformed 
into a bent pasture under the nitro-chalk treatment, while there 
was very little change in the flora under the sulphate of ammonia 
treatment. 

(3) Nitro-chalk appears to be superior to sulphate of 
ammonia as a nitrogenous fertilizer on Molinia pastures. 
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THE DISTRIBUTION OF WILD WHITE 
CLOVER {TRIFOLIUM REPENS) IN 
RELATION TO FHE ACTIVITY OF 
EARTHW^ORMS (LUMBRICIDAE) . 

By G. H. Bates, B.Sc., 

Senior Agricultural Adviser for Xorfolk. 


The incidence of earthwonn (Lurnbriculae) activity as 
evidenced by casts, with areas abundantly colonised by wild 
white clover (TrefoUum repens) has long been recognised. 
Graziers regard the presence of worm casts as being in some way 
a factor operating to the benefit of Trifolium repens, and welcome 
the presence of casts. 
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The belief that casts may exert a stimulus upon Trifolium 
repens led to the construction of an implement on the principle 
of a Cambridge roller, each ring being surmounted by spikes. 
The action of this device was to throw up little mounds of earth 
resembling casts in appearance (1). The results of this treatment 
were insignificant. 

It is hoped that the following notes may elucidate the 
relationship between the two organisms, and incidentally provide 
some information regarding the nature and composition of worm 
casts. It may further show to what extent worm casts or arti- 
ficial casts ** are of value in relation to the mechanical improve- 
ment of grassland. 

Distribution of Trifolium repens in Relation to Cuts. 

General observation over large areas of permanent grass 
land of different types leaves no doubt as to the incidence of 
worm casts with Trifoliurn repens^ and shows that there is some 
correlation between the relative abundance of the two. It is also 
a matter of interest that in the Province of Ontario, Canada, 
where Lumbricidae do not occur, Trifolium repens is not a com- 
ponent on the herbage in the regions where Lumbricidae are 
absent (2). 

Activity as manifested by casts, varies seasonally and 
periodically due to the physical condition of the earth with regard 
to moisture and temperature. At any given time, however, the 
difference in the number of casts on a given area of pasture on a 
tract of land, and the number of casts on another area of the 
same dimensions on the same tract of land, is a reliable measure 
of the comparative activity of Lumbricidae on these sites. 

Abundance of casts is obviously a measure of earthworm 
activity, in the form of foraging and excavating, but the value of 
cast abundance as a measure of earthworm population has not 
been estimated. This latter point is not material to the problem 
under consideration. 

To obtain data with regard to the relationship between the 
abundance of Trifolium repens and earthworm activity as mani- 
fested by casts, a survey was carried out on certain types of land 
in the county of Norfolk. The following method of survey was 
adopted : — 

During the period January to May, 1932, three areas were 
chosen, Massingham Heath, overlying sand or chalk; Wooton 
Sand Pits, sandy heath ; Gaywood River-side, alluviial soil. 

The method of taking counts adopted in all cases, was to 
traverse the ground in various directions making random throws 
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with a metre quadrat. Readings were taken to ascertain the 
percentage area of the ground within each quadrat covered by 
Trifolium repens. At the same time the number of worm casts 
in the quadrat were counted. 

The quadrat readings were arranged in groups, a, b, c, etc. 
(see Table I, column 1, below), according to the type of vegeta- 
tion which characterised them. These quadrats which contained 
any proportion of Trifolium repens were placed in a separate 
group (see Group d, Table I, below) and subjected to more 
detailed analysis in a separate Table (see Table II, below). In 
the case of the latter group containing any proportion of Trifolium 
repens the casts were collected from each quadrat and weighed, 
the total weights of casts in each quadrat being recorded. 

It was difficult in some cases to distinguish true worm casts 
from earth adhering to them at the base and for this reason 
only the definitely shaped portion of the cast was collected. In 
Group b, Table V, it was impossible to obtain accurate weighings 
of the worm casts, and for this reason no further tabulated 
examination was made of this group. Inaccurate weighings were 
due to wet adhering earth and the close proximity of the casts to 
one another. 

The results obtained are set out in the following tables : — 


TABLE I. 

Massingham Heath. (200 Quadrats). 


1 

S 

1 ^ 

i 

1 

1 3 

1 

e 

1 

7 
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Per cent. 

I Caafa 
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Grolfp. 
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Vrprtation 
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i 

<>/ 

of 

per a roup. 


T,R. 


ea$U. 

casti. 

a 

i 

( Erica ssp. 

1 rteris, i 

] A^rrostis, 

1 Festura 

0 

0 


0 

b 

19 

1 

0 

1-2 


1 27 

c 

21 


i Trace 

\-\ 

2.80 1 

i 59 

d 

7 

Festiica, 

A {rrostis 
Lolium 

Poa and 

T. Ilepens 

i 2.:)-8 

1(1-.%' 

26.(K) 

i 

1 162 

! 
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TABLE II. 

Detailed examioation of Group d Table I abore. 


1 

0 

S 

■i 

5 

6 



Per cent. 





Veijetation 

area 

No. of 

Total Wt. 

dB. Wt. 

Quadrat 

other than 

cohered by 

vaHi. 

{air dry) 

(air dry) 


T, repem. 

T. repem. 


of costs. 

of cast*. 

1 

Agrostis 

Festuca. 

2.5 

17 

60.0 gms. 1 

8.50 gms. 

2 

Agrostis 

Festuca. 

4.0 

10 

27.0 gms. 

2.70 gms. 

3 

Agrostis 

Festuca. 

5.0 

36 

3.72 gms. 

135.0 gms. 

4 

Agrostis 





Festuca. 

fi.ri 

2? 

HI.O gms. 

4.20 gms. 

T) 

Agrostis 

Lolium 






Poa. 

5.5 

81 

120.0 gms. 

8.67 gois. 

6 

Agrostis 
! Lolium 






Poa. 

6.0 

29 

lOH.O gms. 

8.72 gms. 

7 

Agrostis 

liolium 






Poo. 

8.0 

82 

105,0 gms. 

3.27 gms. 


TABU. III. 

WootoB Sand Pita. (100 Quadrate). 


1 


S 

i 

5 

6 

7 


No. of 


Per cent 

Casts 

Average 


Group, 

quadrats 

Vegetation 

area of 

per 

number of 

Total 


per group. 

type. 

T.repens. 

quadrats. 

casts. 

eoftf. 

a 

38 

Bare sand. 

0 

0 

j 

0 

0 

b 

59 

Erica ssp, 
Pteris, 

0 

0 

0 

0 

c 

2 

*Blown 

sand 

Trace 

5.17 

11.00 

22.00 

d 

6 

Agrostis 

Lolium, 

Poa and 
T.repens 

8.80 

20.72 

82.88 

1 193.98 


* Remains of dead vegetation found at depth of about 10 cmt. 
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TABLE IV. 

Detailed examination of Group d Table 111 above. 


1 


5 

4 

5 



Vegetation 

Per cent, 
area 

iVo. of 

Total Wt. 

Av. Wt. 

Quadrat. 

other than 
T.re'p-em. 

covered by 
T.repens. 

castt. 

(air dry) 
of costs. 

(oir dry) 
of costs. 

1 

Agrostis 

Poa. 

8.0 

20 

135 gms. 

6.75 

2 

ditto. 

5.5 

27 1 

126 gms. 

4.66 

3 

ditto. 

6.0 

24 

93 gms. 

8.87 

4 

ditto. 

8.0 

81 

165 gms. 

5.82 

5 

ditto. 

10.0 

20 

108 gms. 

5.40 

6 

ditto. 

33.0 

72 

3(X) gms. 

4.16 


TABLE V. 

Riverside Pasture, Gajrwood. (100 Quadrats). 


1 

e 

! _ 

4 

5 

6 

7 

Group, 

1 

No. of 
quadraU 

Vegetation 

Per cent, 
area of 

Casts per 

Av. No. 

Total 

per group. 

type. 

T.repens. \ 

quadrat. 

of casts. 

casts. 

a 

7 

Coarse 

Trace 

4-11 

5.57 

39 

b 

18 

patches of 

Dactylis, 

Agrostis, 

Ilolcus. 

Lolium 

10-30 1 

30.87 

77.61 

1.009 


1 

1 

Poa, 

T.repens. 

i 

1 i 





Tabless I, III, and V above show clearly that areas which 
exhibit worm casts coincide exactly with those containing in their 
vegetation a proportion of Trifolium repens. 

There appears from an examination of Tables II and IV, 
columns 8, 4, and 5, to be some indication of correlation between 
the abundance of worm casts on a given area, and the proportion 
of ground covered by Trifolivm repens. The tables as a whole 
give concrete evidence of a frequently recorded phenomenon. 


The Nature of Worm Casts. 

Before proceeding further with the investigations it was con- 
sidered necessary to examine the nature of worm casts in com- 
parison with the underlying soil. 
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Casts may be divided into two types, i.t*., the type formed 
from the top soil and vegetable matter drawn in from the surface, 
and the type produced when the earthworms are working in the 
subsoil. When the latter part of the earth is of lighter colour 
than the top soil the casts from this region may easily be 
distinguished by eye. Observation shows that taking the year 
throughout subsoil casts are comparatively insignificant in 
number. Their abundance varies periodically. 

In the year 1929 a sample of ‘‘ subsoil casts was collected 
from Hardwick Park, Derbyshire. In this case the top soil over- 
lay a light coloured sub-soil of Magnesium marl, and ‘‘ subsoil ’’ 
casts were easily distinguished. 

The sample was submitted for analysis to Mr. H. T. 
Cranfield, Advisory Chemist, Midland Agricultural and Dairy 
College. The results arc set out in Table VI, below. Compare 
with the results in Table VII, in which the samples resemble 
topsoil ” casts. 


TABLE VI. 

** Subsoil ** Casts. (100 Casts per sample). 


Sample. 

I) p scrip- 
tion. 

hime 
require- 
ment 
per cent. 
CaO. 

Exchange- 

able 

CaO. 

Nitrogen. 

1 

Worm 

i 

0.070 

0.682 

0.410 


casts. 




la 

Ailjaccnt 

0.1 i9 

0.682 

0.480 


soil. 





A further series of samples representing “ topsoil ” casts 
were taken in the county of Norfolk in the year 1931. The 
analyses were made by Mr. F. Hanley, Advisory Chemist, of the 
School of Agriculture, Cambridge (who carried out all subsequent 
analyses). 

The results are given in Table VII, below. 

It is seen from Table VII that where CaCOj is present in 
the soil, there is a still higher percentage present in the casts. 
In example 1 and la CaCOg is absent in the soil, there being an 
acid condition with a lime requirement of 0.104 per cent. CaO, 
but in the casts CaCO^ is present to the extent of 0.82 per cent. 
In cases, e.g., example 4 and 4a, where both soil and worm casts 
are acid, there is a lower lime requirement in the casts than in 
the soil. 
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In all cases in Table VII the exchangeable calcium is higher 
in the casts than in the soil. It is also noticeable in all examples 
in the above Table that there is a higher percentage of nitrogen 
in the casts than in the soil, which may be taken as expressing a 
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higher content of organic matter. In the case of a subsoil ** 
cast (Table VI) the organic matter content will be lower than that 
of the soil, and consequently there is lower percentage of nitrogen 
in the cast than in the soil. 

The higher nitrogen and organic matter content of the top- 
soil cast than that of the soil is explained by the well known 
habit of Lumbricidae in drawing in vegetable matter from the 
surface. During excavation at a lower level, as evidenced by a 
subsoil cast there is no ingestion of vegetable matter, and the 
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consequent lower nitrogen content is shown in the analysis of the 
cast. 

The problem of the higher calcium carbonate content or lower 
lime requirement of the cast as compared with the soil is a some-* 
what complex one. Three explanations might be offered : — 

(1) The presence of calciferous glands in LumbricidaCf 
these excrete or secrete calcium carbonate into the alimentary 
canal. Several theories exist as to their proper function (2). 

(2) The subsoil may possess a higher calcium carbonate 
content than the topsoil or possess a lower lime requirement. 
This lower stratum may be exploited by Lumbricidae. 

(8) The ingestion of organic or vegetable matter, from 
the soil surface, possessing a higher proportion of calcium 
compounds than the soil. 

The existence of calciferous glands which might excrete 
calcium carbonate spasmodically, might explain the higher 
calcium carbonate content of some casts than of others on the 
same site. It does not explain the fact that all casts contain more 
calcium carbonate, or are of a lower lime requirement thati the 
soil ; for if the glands are responsible for this phenomenon they 
must be supplied from some source other than the topsoil. 

That the casts contain a higher total calcium content than 
the soil was shown by the following investigation. 

A sample of casts (about 200) were collected from a site on 
Massingham Heath, the soil was also sampled in the approved 
manner. 

The result of the analysis was as follows : — 

Casts ... ... ... 0.134 per cent. Total CaO. 

Top 12in. of Soil ... ... 0.077 per cent. Total CaO. 

As regards the subsoil being exploited as a source of calcium, 
this appears to be a possibility upon first consideration. An 
investigation showed that in a certain case where the soil and the 
worm casts both showed a lime requirement the soil possessed 
a higher requirement than the casts, but below a depth of 1 ft. 
the lime requirement diminished. 

In the above case the casts were collected over an area of 
about 500 square yards (Massingham Heath, Norfolk). The soil 
was sampled throughout each foot to a depth of 7 ft. This 
sampling was facilitated by the fact that the area was being 
excavated for sand. The results are set out in Table VIII. 
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Sample. 

Casts 

TABLE VIII. 

Lime requirement at per cent. CaO. 
0.120 

1 Ft. liepth ... 

... 


0.154 

2 Ft. depth ... 



0.092 

3 Ft. depth ... 



0.067 

4 Ft. depth ... 



0.107 (Acid pan). 

5 Ft. depth ... 



0.044 

(i Ft. depth ... 



0.030 

7 Ft. depth ... 



0.044 


It would appear from the above that the less acid soil of the 
casts might be obtained from the subsoil. The casts were, how- 
ever, definitely of the topsoil type, being of the same colour 
as the soil. The latter, which was from 10in.-12in. deep, was of 
a greyish black colour, while the subsoil was a golden yellow 
sand : there was a sharp line of demarcation between the two. 

It was revealed further upon analysis that the respective 
nitrogen contents were as follows : — 

“ Casts ** ... ... ... 0.258 per cent. Nitrogen. 

.Soil to 12in. ... ... ... 0.125 per cent. Nitrogen. 

It is obvious that if Lumbricidae were exploiting the subsoil 
the organic matter and nitrogen content of the casts would be 
lower than that of the soil. As in all cases (excepting Table I, 
where ‘‘ subsoil casts are represented) the nitrogen content of 
the casts is higher than that of the soil, it is reasonable to assume 
that topsoil ” casts are composed to a certain degree of vege- 
table matter drawn from the surface of the soil. It is, therefore, 
apparent that this material is the source of the calcium which 
goes to raise the proportion in the cast above that in the soil. 

In the above connection it is interesting to note that Darwin 
suggests that the calciferous glands may function to eliminate 
calcium obtained from the dead vegetation which earthworms 
devour (8). 

It is seen that worm casts are of two types, i.e., ** topsoil 
and ‘‘ subsoil The relative abundance of the latter appears 
to show seasonal variation probably coinciding with periods when 
excavation is taking place due to changes in temperature or 
moisture content of the soil. 

All casts appear to show a higher calcium carbonate content, 
or lower degree of acidity as expressed by lime requirement, than 
the soil. 

In the case of a subsoil ” cast there is a lower nitrogen 
content than that of the soil, but in a ‘‘ topsoil cast the nitrogen 
content is higher than that of the soil. 
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As “ subsoil casts arc greatly in the minority, it may be 
stated that an accumulation of worm casts in the soil surface 
provides a superficial layer or “ mulch ’’ of soil of higher calcium 
carbonate content, or lower lime requirement and higher nitrogen 
and organic matter content than the rest of the soil. 

The rate of accumulation of casts varies in direct proportion 
to the activity of Lnmbricidac, but there is every reason to believe 
that the figure given by Darwin, i.e., 0.‘2in. per annum, is a fair 
average (4). 

The Relation between TrifoHum repens and Lumbricidae. 

It has been shown that colonies of Trifoliurn repens coincide 
with the presence of worm casts and that the abundance of 
Trifoliuni repevs appears to be directly correlated with earthworm 
activity. 

Analysis has revealed that worm casts possess points 
of difference to the underlying soil in respect of calcium carbonate 
or lime requirement, and nitrogen or organic matter content. 

In considering factors which may be responsible for the rela- 
tionship between the two organisms a number of possibilities 
arise and these are dealt with in turn. 

The Influence of Casis. 

A surface covering of casts provides a mulch of soil differing 
from that of the underlying soil in respects already dealt with, 
and this on first consideration might be of some significance. 

Pot experiments conducted by the writer showed that 
TrifoUuw repens germinated better in a medium of casts than in 
one of the underlying soil, but later the plants tended to develop 
a superficial root system and in consequence suffered more from 
drought than those grown in the underlying soil. 

Further tests showed that Agrostis, the chief competitor of 
Trifoliurn repens^ also germinated more vigorously in a medium 
of casts than in the underlying soil. It has been clearly shown 
that Agrostis benefits by a superficial neutral medium for germina- 
tion (5). It Would therefore appear that as far as germination 
and establishment are concerned a medium of casts confers no 
more benefit upon Trifolium repens than upon its competitors. 

On the other hand a large and denuded cast provides a bare 
and unshaded area of ground which appears to exert an attraction 
to runners of Trifolium repens when growing in a dense sward. 
It may be noted occasionally that a runner will establish a shoot 
upon such a site and give rise to a plant possessed of larger leaves 
than those competing with a dense population of grasses. 
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The above phenomenon may be of some significance, but 
cannot be of primary importance, for if this was the case the 
appearance of worm casts on a newly made lawn, or a putting 
green produced by close mowing of the existing turf, would pre- 
cede the proliferation of Tri folium repens , but the two phenomena 
appear to materialise at the same time. 

It was further noted that where large numbers of small heaps 
of earth, resembling worm casts in configuration, were produced 
by a machine, that no significant increase in the abundance of 
Trifolium repens was evident (1). 

Trifolium repens as a Food Supply for Lumbricidae. 

The possibility of Trifolium repens proving an attraction to 
Lumbricidae by providing a supply of food must be considered. 

In cases where Trifolium repens was grown in pure culture 
(for educational or experimental purposes) counts were taken. 
(Oxburgh, Norfolk, and Chesterfield, Derbyshire). It was found 
that there was no greater number of casts per square metre upon 
the clover plots than upon the surrounding bare earth or upon 
plots occupied by certain other species. It was found, however, 
that there appeared to be fewer casts upon plots of Agrostis 
stolonifera and Festuca ovina where a mat of surface roots had 
formed. 

When lawn mowings are drawn into the burrows of earth- 
worms, no preference appears to be shown for clover leaves. 

Soil Acidity and Neutrality. 

It has been observed that worm casts are scarce on acid 
patches in a field and comparatively abundant on neutral 
areas (6). 

It has been suggested in this connection that the presence of 
calcium carbonate in the soil is essential for the functioning of 
the calciferous glands. On the other hand it is not certain that 
the glands are not merely excretory (7) (8). Again it has been 
shown that calcium is obtained from compounds existing in over- 
lying vegetation ingested by Lumbricidae. 

While the preference to Lumbricidae for neutral areas of 
soil rather than acid soil is very evident, it must be borne in 
mind that these observations have been conducted upon pastures, 
where the neutral patches are also the most closely grazed, being 
selected by livestock. 

It has been noted that even on an acid soil worm casts will 
appear as a result of close mowing of the turf in the case of a 
lawn, putting green, or bowling green, and that their number 
will tend to increase with time. 
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Observations were carried out upon Massingham Heath, 
Norfolk, on a turf dominated by Agrostis and Fcstuca, In this 
case the soil was acid in reaction (pH5 approx.)? and with an 
estimate<i lime requirement of 0.068 per cent. CaO, a careful 
search failed to reveal more than 8.8 casts per sq. metre, 
on an average. 

On the same site areas of varying dimensions were bared, 
by turf being removed for lawn making. Upon these bare areas 
casts began to appear in increasing numbers until up to the end 
of twelve weeks, when they averaged 22.7 per sq. metre. 

While the casts were increasing upon these areas, it was 
noted that isolated plants of Trifolium repens (springing from 
old rootstocks) proliferated rapidly upon the bare soil. A fringe 
of Tri folium repens appeared round the margin of the bare areas ; 
this fringe was formed from runners of plants existing in the 
turf and apparently attracted towards the light. 

Considering the influence of calcium carbonate content or 
lime requirement of the soil in relation to TriloJiion repens one 
notes that in a grazed pasture, colonies of Trifolintn repens coin- 
cide with patches of soil possessing the highest calcium carbonate 
content or lowest lime requirement. 

On the other hand a case came to the notice of the writer 
where, in a new pasture, the colonies of Trifolium, repens 
actually coincided with the acid patches in the field. The seed 
mixture which contained Trifolium repens had been sown down 
under barley, and the barley had failed upon the acid patches. 
Prior to the barley a crop of swedes had been badly affected with 
anbury (Plasmodiophora hrnssica) upon these patches. It would 
appear that the admission of light, by the failure of the barley, 
had been a more potent factor than soil acidity. 

The toleration of intense acidity by Trifolium repens is now 
a well established fact (9). The species will grow abundantly on 
an acid soil if light restriction is removed, e.g., by close mowing 
or treading. Where, on the other hand. Trifolium repens 
coincides with the neutral patches of soil in an established 
pasture, as already instanced, it must be noted that these 
patches are most closely grazed by stock and overshading 
influences are removed. 

Abundant evidence of the reaction of Trifolium repens to 
light may be gathered by observation upon footpaths, grass 
verges at roadsides, banks and similar sites. 

Lumbricidae and Soil Moisture. 

It has been shown by abundant research and observation 
that Luinhricidae are intolerant of a dry condition of the soil. 
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and upon this state prevailing will aestivate in specially con- 
structed chambers in the soil (10). 

It is obvious that areas dominated by Trifolium repens will 
admit moisture more freely to the soil than when the dominant 
herbage is A^rostis spp., Festuca or Holcus spp., all mat-forming 
plants. Close mowing or grazing will, by defoliation of the herb- 
age, reduce losses of moisture by transpiration and by restriction 
of root range. 

The activity of Lumhricidae as evidenced by casts, is to be 
observed upon bare areas in a field, in the region of gateways, 
and upon footpaths. Mention has already been made of the 
increase of casts upon areas from which turf has been removed. 

Conclusions. 

From a consideration of the foregoing examination of all 
relevant factors it would appear that the incidence of worm casts 
with areas colonised by Trifolium repens is not directly due 
to the influence of Lumhricidae or their casts upon the prolifera- 
tion of Trifolhnn repens^ nor are Lurnhricidae directly attracted 
by Tri folium re pens. 

Both organisms appear to be favoured by the biotic factor 
as manifested by close grazing or mowing. In the case of 
Trifolium, repens the admission of light appears to be the most 
potent influence, while in the case of Lumhricidae it is most 
possibly the more easy access and better supply of moisture. 

It will be seen that attempts to stimulate the proliferation 
of Trifolium repens by the creation of artificial casts is futile. 

Incidentally it is shown that worm casts create a surface 
layer or mulch of earth with a higher calcium carbonate content 
or lower lime requirement, and at the same time a higher nitrogen 
or organic matter content, than the under-lying soil. 

In the case of lawns, greens and other closely mown areas 
the proliferation of Trifolium repens and the presence of worm 
casts appear to be an unavoidable accompaniment of the practice 
of close mowing, unless checked by chemical agents. 
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THE VALUE OF FIELD TRIALS WJTH 

SWEDES. 

By T. Whitehead, Ph.D., M.Sc., A.R.C.Sc., 


University College, Bangor. 


Introduction. 

The inconclusive results obtained after many years of field 
trials with swedes, both in respect of manurial requirements and 
the comparative value of popular varieties, call for a re-examina- 
tion of the object in view in laying down trials and of the 
technique employed. It is evident that trials have often been 
vitiated by the occurrence of diseases and the writer therefore 
undertook to make an attempt to throw some light on the matter. 
Before the importance of diseases can be assessed it is clear that 
the variability in cropping power apart from disease incidence 
must be ascertained. That this cannot be ignored is seen from 
a trial carried out on the College Farm in 1925. The object was 
to test the relative cropping power of the varieties Magnificent 
and Superlative against that of Up-to-Date. In each case five 
replications of unit plots consisting of two drills of each variety 
alternated with each other ; the results being tabulated in 
Table I. 
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The difference in the mean yields of the first two varieties 
is 28 cwt. j3er acre, but this is exposed to an error of 26 cwt. 
(5.38 per cent.), and no particular significance can be attached 
to it. It is equally true of the second comparison, where the 
difference of 12 cwt. has a p.e. of 9.8 cwt. (2 per cent.). The fact 
that these differences are not significant is of less interest than 

TABLE I. 

Swede Trial on College Farm, Aber, 1925 . (Yieldf in cwt. per acre). 


Mean 


Up-io-I)afc. 


I' p-to-Datr. 

Sap-i^rlaUrc. 

rwt. 

cwt. 

«wt. 

<*wt. 

ysi 

.I to 

ISO 

-IRO 


.*>17 

4.‘.0 

4 SO 

:>17 

lot 

•l-HT 

494 


196* 

.Vll 

473 


.50*2 

is 7 

540 

± ‘ii cwt. 

1f>*2 f I.')..') cwt. 

4H1 ± :Ui cwt. 

493 ± 2.1 cwt.) 

(1,1 pci* Cf'Ilt.) 

(.‘{.I percent.) 

(1.2 per cent.) 

(1.6 per cent.) 


the great variability in the yields from the different replications 
of the first trial as comj)ared with those found in the second and 
adjacent trial. Although the two cora])arisons with the variety 
IJp-to-Date were laid down under apparently identical conditions 
the variability of the first one was such that a difference of 
78 cwt. per acre in the average yields of the plots would have 
been necessary before definite conclusions could be drawn, 
whereas in the second trial a difference of only 80 cwt. per acre 
would have been sufficient, in the light of the more detailed 
trials carried out in 1982 and reported on below, it is unnecessary 
to speculate on the causes of these irregularities in yield beyond 
saying that diseases were certainly not to be held accountable. 

Variability within an apparently uniform crop of one variety. 

In practice, the estimation of the yield of a crop is a matter 
of sampling, and the magnitude of the probable error is nothing 
more than a measurement of the accuracy with which fair samples 
have been taken. As a preliminary to the investigation, there- 
fore, we must have some idea of the degree, and causes (apart 
from diseases) of the variation in yield within an apparently 
uniform crop of a single variety. Similar determinations have 
been made in other areas with cereals and mangolds, but these 
cannot be used without checking under North Wales conditions, 

O 
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so that a very uniform swede crop of the variety Wilhelmsburger, 
growing on the College Farm, Aber, was selected for this purpose 
in 1982. The crop was on land sloping down from south to north 
and had the drills running in the same direction. Sixteen of these 
drills were divided accurately into 80 unit plots, each one drill 
wide and 20 yards long (1/312 acre) and these units were lifted, 
cleaned, and weighed separately. Table II gives the yields 
obtained from each unit plot in the position it occupied in the 
field. The total number of roots per unit length of 20 yards is 
also given in brackets, together with the number discarded as 
being in an advanced stage of decay owing to dry-rot or bacterial 
rot. Finger and toe was practically absent, not more than half 
a dozen roots showing the merest trace of the disease, whilst the 
Table shows that only a trivial number were discarded for other 
causes. Mildew was evident on all the plants but, judging from 
the yield obtained, the disease had not appreciably affected the 
crop ; in any case there was no reason to suppose that its effects 
were not uniformly distributed over the unit plots so as to affect 
the experimental error. 


TABLE II. 

Yields, in lb., of Unit Plots of the variety Wilhelmsburger. 

East 


Row, 

1 

Belt 1. 

Belt S. 

Belt .7. 

Belt 

Belt 

1 

210(5i)--0 

209(59)- -0 

207(51)- (1 

221(62)- 0 

208(62)- 0 

o 

198(62)— 0 

184(66)~4J 

210(65)~0 

215(65)- 0 

198(56)- <) 

8 

188(68)— 0 

196(56)— 0 

213(56)— 0 

187(56)— 6 

202(.58)-- U 

4 

201(77)— 0 

208(77)— 0 

213(77)- 0 

216(73)— 3 

222(77)- 0 

5 

177(57)— 0 

192(56)— 0 

199(58)— 0 

205(53)— 2 

187(52)- 0 

6 

202(60)— 0 

224(62)— 0 

208(57)— 0 

245(67)— 0 

217(61)— 0 

7 

185(88)— 0 

167(41)— 0 

194(44)-0 

172(4.5)— 0 

187(50)— 0 

8 

189(51)— 0 

231(55)— 0 

226(59)- 0 

217(58)— 0 

211(49)— 0 

9 

197(64)— 0 

221(62)— 0 

204(69)— 0 

214(65)— 0 

195(68)-fl 

10 

194(64)— 0 

211(56)— 0 

205(51^-0 

211(60)— 0 

206(57)--O 

11 

175(71)— 0 

221(69)— 0 

221 (70) -0 

222(74)— 0 

212(71)— 0 

12 

180(57)— 0 

218(58)— 1 

203(55)— 0 

190(58)— 0 

198(49)- 0 

13 

204(61)— 0 

215(62)— 0 

210(57)— 0 

226(56)— 0 

197(61)— 0 

U 

152(46)— 1 

177(46)— O 

188(54)— 0 

182(56)— 0 

158(57)— 0 
211(55)— 0 

15 

220(62)— 0 

216(55)—! 

196(52)- -0 

219(60)-0 

16 

188(55)— 0 

201(52)— 0 

203(58)— 0 

202(52)— 0 

190(50)— 0 


West. 

Note . — For each unit plot one drill wide and 20 yards long (1/312 acre) 
the yield (in lb.) is first given, then the number (in brackets) of roots present, 
and finally the number rotten and unfit to weigh, to be subtracted from the 
number present. 

The variations in yield approximate to a normal frequency 
curve so that one is justified in averaging the results. A rough 
guide to the changes in fertility of the trial ground can be found 
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by adding the weights of the unit plots across the drills from 
east to west and then along the drills from south to north as in 
Table III. 

It is evident that the soil becomes more fertile as one passes 
from south to north along the drills until the fifth set of 20 yard 
lengths of drills is reached, when the fertility again falls off. On 
the other hand there is no evidence of any drift in fertility from 
east to west across the drills, notwithstanding the marked fall in 
the yield of some drills. The effect of such changes in soil 

TABLE III. 


Demonstratinsr changes in soil fertility. 


Along the drills. 

B. Across the drills. 

South. 

East . 

Ih. 

11). 

Belt I. Solo 

1055 

Bfit ‘J. Jf.'bfi 

1005 

BfU 3. 3:!(«i 

986 

Belt 4. SS44 

1060 

Belt SI 99 

1 960 

North. 1 

1096 


855 


1074 


I0.S1 


102T 


1 1051 


984 


1052 


H6? 

984 

West. 


fertility can be ascertained by treating Belts 1 and 2 as separate 
trials, each of four replications of four of the unit plots (i.e., 
1/78 acre) in each case. The average yield of each plot of this 
size in Belt 1 is 752 lb. ±1.2 per cent., whilst in Belt 2 it is 
821 lb. with the same p.e. The error of the difference (8.4 per 
cent.) between these two averages is only 1.7 per cent., so that 
entirely erroneous conclusions might have been drawn if two 
varieties had occupied the Belts or two treatments had been 
applied to the one variety. A similar illustration can be quoted 
from the result of a trial in 1928, in which the object was to 
test the effect of lime on oats and on the succeeding swede crop. 
Nine plots of swedes, each two drills wide and 76 1/3 yards long 
(1/44 acre) had received a dressing of 17 cwt. of ground lime 
per acre, and the average yield obtained was 1,508 lb. ± 0.9 per 
cent. Adjoining these plots were four similar ones which had 
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received 34 cwt. per acre and averaged 1,688 lb. ± 0.2 per cent., 
whilst beyond these were 25 unit plots receiving no lime which 
yielded an average of 1,680 lb. ± 0.7 per cent. By dividing the 
unlimed plots into two series of unit plots a significant difference 
was found between them, and it is evident that what had been 
measured was not the effect of lime but the variation in soil 
fertility, helped or retarded to an unknown extent by an applica> 
tion of lime. 

Attention has already been drawn in Table III to the occur- 
rence of very low-yielding drills. Reference to Table II also will 
show that all the low-yielding drills had less than the average 
number of roots per unit plot and that this is true whether the 
portion weighed occupied a fertile or infertile piece of land. This 
variation in the number of roots in the drill can be a serious source 
of error, as is evident if the yields of unit plots in two drills 
averaging 48 roots per unit length of 20 yards are compared with 
those from two drills with an average of 74 roots per unit length 
(i.e., rows 7, 14 and 4, 11 respectively). With unit plots of 
1/312 acre in size the average yield of the former was 
171 lb. ± 2.2 ])er cent., and that of the latter was 21 1 lb. 4; 1 .4 per 
cent. The p.e. of the difference was 2.7 per cent., so that the 
observed difference of It) per cent, cannot be due to chance. 

In the present trial the most uniform yields, with the lowest 
p.e., would be obtained by taking the weights of crops only from 
Belts 3 and 4, since these occupy the most uniform piece of land. 
But this is only discoverable after all the unit plots have been 
weighed and is therefore useless as a general guide. The whole 
trial ground is probably fairly typical of the land available for 
county trials in this area, so that by calculating errors on the 
basis of the whole trial we shall approximate to the results to be 
expected from county experiments. 

If the yields of all the eighty replications of the 1/132 acre 
unit plots are taken, the average yield per plot is found to be 
202 lb., the probable error of any one plot being 12.2 lb. or 
6.04 per cent. This experimental error decreases as the size of 
the unit plot increases up to about 1 / 40 of an acre, owing to the 
large variations caused by soil changes, etc., so that a relatively 
large plot is more likely to represent a fair sample of the whole 
trial ground than is a small plot ; these changes in the p.e. of a 
single plot are shown in graphic form in Fig. 1. It will be seen 
that an increase in size of plot obtained by increase in length only 
is far less accurate than an increase in width across the drills, 
but that the most reliable results are obtained by increasing both 
length and width. This is not necessarly of general application^ 
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for it is due in t he ])resent trial to the causes of variation oj^erating 
both along the drills (/.e., change of fertility) and across the drills 
variation in the number of roots |)er drill). 

The suitability of any particular size of unit plot depends 
upon various practical considerations of which the most important 
arc the area of land aNailable for the trial, and the degree of 
accuracy recpiircd ; the latter being itself dependent on the number 
of replications of the unit plots. The method by which any 
desired precision may be obtained has been described by other 
writers, but a brief explanation may conveniently be given here. 
The object of a field trial is usually to compare the average yields 
obtained from two or more treatments or from different varieties. 
It is generally agreed that if the two averages differ by more than 
three times the probable error to w'hich the averages are exposed, 
one can accept this difference as a real one. A precision of 
10 per cent, therefore means that the p.e. of the observed differ- 
ence in mean yields must not be more than 10 or 3.3 per cent., 

Y 

so that on a basis of a 25 ton per acre crop the difference would 
have to be at least 2.5 tons per acre before any significance could 
be attache<l to it. Similarly the p.e. for a 4 per cent, degree of 
precision (i.t*., 1 ton j)er acre) would be 4 ™ 1.3 per cent., whilst 

¥ 

if the precision were increased to 2 |>er cent, the maximum p.e. 
permissable would be 0.G7 j^cr cent, and a difference of only 
10 cwt. })er acre in the average yields of the plots would be 
sufficient for an assurance that the result was not an accidental 
one. Now the number of replications required to give any 
desired degree of precision is found by dividing the square of 
the p.e. of one result by the square of the 2).e. of the mean. We 
have already seen what is the maximum p.e. permissable for 
various degrees of ])recisioii, so that it is only necessary to sub- 
stitute these values in order to obtain the number of replications 
required. For example, the p.e. of one plot measuring 
1/312 acre was found in the present experiment to be 6.04 per 
cent., so that the number of replications required to give 10 per 
cent, precision would be G.04^ ~ 4 plots. Similarly if a difference 

3‘.£F 

of one ton in the mean yields, i.c., 4 j^er cent., was required to be 
significant the number of plots of this size would be 6.04 ^ or 22 ; 

1 . 3 ^ 

whilst 82 unit plots would be necessary if we wish to base any con- 
clusions on a difference of half a ton, i.e., 2 per cent, in the mean 
yields per acre. In the same way we find that with unit plots 
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of 1/78 acre each we should require one, six, and twenty-three 
plots to ensure precisions of 10 per cent., 4 per cent, and 2 per 
cent, respectively. With either 1 /ao or 1/19.6 acre plots the num- 
ber required would be one, four and twelve. We are not yet in a 
position, however, to decide finally on cither the size of unit 
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plot or the number most suitable for field trials, for the calcula- 
tions so far have been based on the variation within an apparently 
uniform crop of one variety. It is necessary to see to what extent 
these figures apply when several varieties are under trial. 
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Vanetal Yield Trial. 

For this purpose the ground immediately adjoining the one 
described with the variety Wilhelmsburger was laid out as a 
comparative yield trial of the two swede varieties Wilhelmsburger 
and Superlative, and the yellow turnip “ Bruce Twelve drills 
of each variety were arranged as shown in Table IV, so as to 
alter the f)osition of each variety relative to the others as often 
as possible. The same Table also gives the yields, in pounds, of 
each of the sixty replications of 1/312 acre plots into which the 
twelve drills were divided, as well as the number of roots per unit 
plot and the number discarded as badly affected with dry-rot or 
bacterial rot. 

As with the previous trial, the variation follows a normal 
frequency curve, and when the data are arranged as in Table III 
the same conclusions are to be drawn as to changes in soil fer- 
tility. In comparing the yield of Wilhelmsburger with that of 
each of the other varieties the method already explained can be 
followed, except that we are now dealing with two averages 
exposed to different experimental errors. The p.e. of these errors 
must therefore be found by the formula 

p.e. of difference of means - ± V + b^> where a and b 
are the probable errors of the two means respectively. For 
significance, the difference in the two mean yields must be at least 
three times this new probable error. It will be observed from 
Fig. 2 that the curves illustrating the change in the p.e. of single 
plots of each variety according to the size of unit plots are of the 
same type as in Fig. 1. As in the previous trial, there is little 
advantage to be gained by increasing the size beyond 1/78 acre 
so far as the two swede varieties are concerned, but the turnip 
is exceptional both as regards the magnitude of the p.e. and the 
rate at which it falls with increase of size of plot. A comparison 
of the actual yields obtained is shown in Table V, from which it 
is ckar that the two swede varieties are of equal cropping power 
and that either is much superior to the turnip. 

The same conclusions are arrived at whatever the size of 
unit plot or number of replications, so it may appear that no 
direct help in settling either question is afforded by the trial. 
Indirectly, however, it serves to clarify the position considerably. 
In the first place it will be noted that the p.e. of the mean 
increases with increase in size of unit plot, in contradistinction 
to the p.e. of a single plot. This is, of course, due to the fact 
that the p.e. of the mean is arrived at by dividing the p.e. of a 
single result by the square root of the number of plots ; so that 
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the large number of replications of the small plots gives a large 
divisor. With the same number of replications it is still true that 
plots of 1/78 or 1/40 acre each are more accurate than smaller 
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plots, under the conditions obtaining in this trial. A more 
serious consideration brought out is the fact that the accuracy 
obtained 'vvith any j)articular number of replications is definitely 
less when one is comparing the yields of two varieties than when 
only one variety is concerned. The two varieties will react 


Changes in p.e. in an apparently uniform crop of the variety 
Wilhelmiburger, according to the size of unit plot. 



differently and irregularly to the climatic, cultural or other con 
ditions to which they are exposed, so that the p.e. is affected 
and, with it, the degree of precision to be expected from a speci- 
fied number of plots. For instance, sixty replications of 1/812 
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acre plots gave us a precision of 3 per cent, when Wilhelrasburger 
was compared with Superlative, but only 4 per cent, when com- 
pared with Hrucc owing to the high j),e. of the latter jdots 
(c/. Table V), whilst within the one variety (Wilhelmsburger) 
only 37 and 22 unit plots of this size would have been required 
for 3 per cent, and 4 j)er cent. preeisir)n respectively. Similarly, 
six Wilhelmsburger plots of 1/39 acre each gave a j)reeision of 
(» per cent, when compared with Superlative, but only 8 per cent, 
with Bruce, a degree of precision which would have been 
achieved by using only two and one plots respectively had 
Wilhelmsburger alone been under trial. Evidently it is of little 
use to plan a com})arati^'c trial of varieties or treatments without 
taking into account tlic possible causes of irregularity in yield 
from plot to plot. 


The Causes of Variation in Yield. 

The factors W’hich induce variatiofi in yield would seem to 
fall into two categories according to whether or not they are 
susceptible of control by the exi>erimenter. Amongst those which 
could be eliminated or distribute<l o^•er all the plots by careful 
planning would come (1) changes in soil fertility, (2) interfer- 
ence between varieties or treatments under trial, (8) irregular 
delivery of seed from the two sides of the drilling machine 
(4) irregularity in seeding according to whether the machine is 
sowing with a slo])c or against it, and (5) variations due to differ- 
ences in spacing when the seedlings are thinned. 

On the other hand, the magnitude and direction of other 
causes of variation in yield could not be foreseen ; such are (1) the 
incidences of diseases like finger and toe, dry-rot, mildew, or 
bacterial rots, (2) pests such as rabbits, birds and swede midge 
or flea-beetle, (3) the residual effects of past manuring or the 
effects of abnormal weather might also operate in much the same 
way, e.g., a water-logged condition of the trial ground might 
increase the \’ariability of both varieties, and of one more than 
the other. 


A. Controllable Factors influencing Variability. 

(1) Soil changes must be anticipated, and in all probability 
the variation will not be a small one. The trial should be so 
arranged that the drills run with the main drift in fertility ; any 
lateral change in fertility being minimised by using narrow plots 
and a sufficiency of replications. Plots two rows wide would best 
satisfy these conditions unless interference between varieties was 
to be expected. (2) Ordinarily a strong-topped, rapidly maturing 
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It is all the more necessary to maintain the minimum stand- 
ard of accuracy suggested since unforeseen disturbing factors, 
such as disease, are the rule rather than the exception in swede 
trials, and as a result the precision obtained will be less than 
was expected. In the trial between Wilhelmsburger and the 
yellow turnip “ Bruce for example, the six replications of 
1/39 acre plots gave a precision of only 8 per cent, (i.e., a differ 
ence of 2 tons per acre was required on the basis of a 25 ton 
crop), and this was due in the main to an exceptionally severe 
attack of bacterial root-rot in the turnip. Variety trials must 
often have given inconclusive results owing to the prevalence of 
Finger and Toe at some centres and its absence at others. Indeed, 
this disease is so frequently the limiting factor in swede cultiva- 
tion that resistance to attack should be determined before any 
variety is tried out for cropping power, on un contaminated 
and on contaminated land. Unfortunately, only a very few 
varieties have been proved to exhibit any marked resistance to 
Finger and Toe. Of these, the best in the writer’s opinion is 
Wilhelmsburger, which has also been shown in the ])resent work 
to crop at least as well as the variety Superlative on land free 
from the disease, whilst on contaminated land its superiority is 
l>eyond question. These resistajit varieties have been produced 
by selection from varieties showing no particular resistance, and 
there seems to be no reason why similar results could not be 
obtained from other varieties if the demand for them were 
sufficiently strong. The creation of such a demand is in the hands 
of the educational staffs of the counties and Colleges. 

Apart from disease, it is questionable whether variety trials, 
as such, are of much practical utility at present. Varietal 
characters in swedes are not fixed to the extent they are in 
potatoes, and the variation within a variety as well as the 
synonymity known to exist, tend to restrict the general applica- 
tion of results which may be justified in a particular set of trials. 
The selection of a strain for disease resistance will tend to reduce 
these anomalies, since insufficient care in preventing cross- 
fertilisation, or the mis-use of a name would usually be detected 
on noting the reaction of the strain when exposed to infection. 
Again, a study of the results of variety trials over a number of 
years forces one to believe that the disturbing factors discussed 
in this paper exert much more influence on cropping power than 
any varietal difference. It is suggested, therefore, that for the 
present, attention in swede trials should be concentrated on such 
problems as (1) disease resistance, (2) reaction of different varieties 
to widely varying types of soil, (8) manurial requirements of 
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swedes, (4) effect of varying the distance to which seedlings are 
spaced, and (5) the keeping and feeding qualities of different 
varieties. Some of these problems are best tested with one 
variety alone, others would involve the use of different varieties, 
but it is suggested that in such cases widely differing types 
should be experimented with. The ultimate object should be the 
accumulation of data which would justify the segregation of types 
into classes according to their respective value to the farmer, 
e.g., disease resisting; heavy or light land types, early or late 
maturing sorts and varieties possessing high keeping and/or 
feeding qualities. 

The writer wishes to acknowledge his indebtedness to 
Professor R. G, White for valuable criticism; to Mr. E. J. 
Roberts for access to data relating to previous trials with swedes 
on the College Farm, and to the Laboratory Assistant, Mr. G. L. 
Turner, for unstinted help throughout the work. To Mr. Haydn 
Williams the writer is indebted for assistance in raising and 
weighing the crops. 


Summary. 

(1) The objects in view and the technique employee! in laying 
down field trials with swedes are re-examined in regard to (a) the 
variation of yield of an apparently uniform crop of one variety 
in the absence of disease; and (h) the change in the probable 
error as the size and sha|>e of the unit plots are altered. 

(2) The extent to which the conclusions drawn from one 
variety are applicable to a trial of several varieties (or treat- 
ments) is examined in the case of a trial with two varieties of 
swede and one yellow turnip variety. Tt is shown that the swede 
varieties Wilhelmsburger and Superlative are equal in cropping 
power on land free from Finger and Toe, but that the turnip 

Bruce ” is definitely inferior to either. 

(8) The causes of variation in the cropping power of swedes 
are discussed, and suggestions are offered for reducing them as 
far as possible. 

(4) The conclusion is reached that sw^e variety trials, as 
such, are of little practical utility at present, and various altern- 
ative problems are suggested on which further information is 
highly desirable. 
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There is no doubt that the organization of clean milk 
competitions throughout England and Wales has been of con- 
siderable assistance in improving the standard of milk produc- 
tion. The object of clean milk competitions is primarily edu- 
cative and not a purely competitive one. Undoubtedly the 
competitive side has its advantages, in that it arouses the keen- 
ness and enthusiasm of the workers, but the chief value of the 
competitions lies in the knowledge of clean milk production which 
the producer is enabled to acquire and put into practice. As 
a direct result of the knowledge and experience gained through 
the medium of clean milk competitions many competitors have 
been enabled to apply for licences for the production of graded 
milk. 

Clean milk comi>etitions were first organized in Wales in 
1925, and during the period 1925-82, thirty-six competitions 
have been held in twelve counties. The distribution of the 448 
competing farms is indicated in the accompanying map. These 
farms are fairly evenly distributed throughout the Principality, 
though a slightly higher proportion is situated in the milk pro- 
ducing areas of the south and the north-east. 

As a general rule the competitions have extended over a 
period of not less than six months, and have been arranged to 
include, as far as possible, three months of warm weather con- 
ditions. The majority of the competitors are producer-retailers. 
Up to the last two years ‘‘ designated producers have not 
been discouraged from entering, and it has generally been 
possible to organize a separate class for such producers. Com- 
petitors have also been divided into classes according to the size 
of their herds, i.c.. Class A including herds of less than ten cows, 
and Class B herds of ten cows or over. All competitions have 
been carried out on the lines suggested in The Guide to the 
Conduct of Clean Milk Competitions (1). 

The number of milk samples taken and exapiined for each 
compefitor varied from six to twelve according to the organiz- 
ation in the different counties. In each case, however, at least 
three of the samples were “ surprise samples taken by the 
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County Agricultural Staff. It was endeavoured, as far as 
possible, to maintain a standard age at which milk samples were 
examined, and this was necessarily dependant upon two factors ; 
the time at which milking was carried out, and the time at which 
samples were delivered at the laboratory. The age of samples 
at testing generally varied, therefore, from 27-80 hours in the 
case of morning samples, and from 24-26 hours in the case of 



evening samples. Unless samples arrived at such a time as 
necessitated their immediate examination, they were maintained 
at an even temperature of 60°F. until examination. The 
temperature of the samples on arrival naturally varied according 
to the season of the year, and the atmospheric temperature. 
The seasonal variation in ‘‘ arrival temperature is shown in 
Diagram I* 

P 
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Technique of examination. 

The bacteriological examination of the milk samples was 
carried out strictly in accordance with the official routine 
methods of milk examination outlined in ‘‘ The Guide to the 
Conduct of Clean Milk Competitions (1). 

(a) Total bacterial count on standard nutrient agar, 
incubated at 67T. for forty-eight hours* 

(b) Coliform organisms content by means of litmus 
bile-salt lactose medium, incubated at 37°C, for seventy-two 
hours. 

(c) Keeping quality, calculated in hours from time of 
milking, when kej)t at a constant temperature of 60®F. and 
tester! twice daily. 

Samples were tested for butter fat content by the Gerber 
method, but no marks were awarded, the test being carried out 
primarily as a check on the methods of sampling. 

General hygienic quality. 

A statement is made in the recently-published Report of 
the Re-organization Commission for Milk (2) that in some 
parts of the country at least a great deal of the milk produced 
is now of the Grade A standard, though not sold under that 
designation, and that the bulk of the supply in these areas could 
with little difficulty be raised to that standard.” In view of 
this expression of opinion it is interesting to find that of over 
55,000 milk samples examined from 6,681 competitors who have 
entered the various County Clean Milk Competitions organ- 
ized in England and Wales during the past seven years, 66 per 
cent, have attained the “ Grade A ” bacteriological standards. 
Furthermore, it is encouraging to notice that the results in 
Table V show that even though the competitions have been con- 
fined during recent years to producers who have never taken part 
in a competition before, or who, having competed previously had 
failed to secure a certificate of merit, there has been a gradual 
improvement in the hygienic quality of the milk examined. 


i Repri^uced mainly from articles on Instruction in (’lean Milk 
Production.^’ Jovm. Min, of Agr,, Vols. 38-89, and Mhceltaneons Puhlica- 
iionSf No. 56, 
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TABLE I. 

Clean Milk Competitions, 1925-32. 


A rea. 

Yi'ar. 

No. of 
competitors. 

No. of 
milk 
sampten 
cxaminetl. 

No. of 
samples 
which 
reached 
^Ulesignated 
standards.^' 

Per cetd. 
samples 
which 
reached 
**desi(jnated 
standard,s.^' 

\ 

1’’ norland ... 

192.5-« 

750 

6.206 

8,78.5 

61 


1926-7 

991 

9,797 

6,346 

65 


1927-K 

997 

7,592 

5,229 

69 


1928-9 

849 

6,424 

4,404 

69 


1929-SO 

874 i 

7,3.59 

4,667 

65 


19;30-1 

1,058 

9,278 

6,840 

68 


1931-2 

590 

4,578 

8,419 

75 

'rotal : England 

6,109 

51,224 

34,190 

67 

Wales 

1925-32 

572 

4,575 

2,865 

62 

Total : 






England and Wales 

6.681 

.55,799 

37,055 

66 


That the standard of hygienic quality attained during the 
course of competitions in Wales was high, is demonstrated in 
Table II. Of 4,575 samples examined, 43 per cent, attained the 
bacteriological standards required for “ Certified ” milk, and 
62 per cent. Grade A’* standards. In the case of seven coun- 
ties, over two thirds of the samples were within “ designated ’’ 
standards. 


Seasonal variation in hygienic quality. 

A study of the relative proportion of samples which attain 
the bacteriological standards of the two designated grades of milk 
during different months of the year, shows very distinctly the 
importance of temperature in lowering the standard of quality 
during the summer months. 

From the monthly averages of the “ arrival temperature 
of over 8,000 samples taken at the two laboratories it will be 
seen that seasonal variation from 51°F. in .January to 63'’ F. in 
August is recorded. 

The percentage of samples within ‘‘ Grade A ” standards has 
fallen from 81 per cent, in January to 10 per cent, in August. 
Over 75 per cent, of the samples taken during the first four months 
of the year reached Grade A ** standards, but during .July, 
August and September less than 25 per cent, attained this 
standard. This seems to indicate that eventually, different 
bacteriological standards may have to be set up in this country 
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for the winter and summer periods. Some Canadian cities have 
already adopted this system. For instance, the requirements in 
Montreal for Certified milk are 10,000 per c.c. for the winter 
months and 15,000 for the summer months. Toronto, on the 
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other hand, requires a standard of 10,000 in the summer months 
and 5,000 in the winter for a similar grade of milk. The 
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winter ” and “ summer periods could be conveniently 
arranged as follows : — 

Winter ’’ low count period : — 

January to May. 

November and December. 

“ Summer ’’ higher count period : — 

June to October. 


/:rCcnt 

''arnp'rfj 
fCfi A 

i'.vr at A' 
ji .. ..lafiis. 



DIAGRAM I. 
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Seasonal variation in coliform organisms content. 

The seasonal variation in coliform organisms content is very 
marked. Over 50 j>er cent, of the samples examined during 
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July, August and September show the presence of this group in 
one thousantli of a cubic centimetre. The results for the period 
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January to May, on the other hand, are exceptionally good, 
since no coliform organisms were detected in one cubic centi- 
metre of milk for practically half the number of samples 
examined. 

The temperature of the samples on arrival at both labora- 
tories generally exceedexl 60°F. during July to September. 
Coliform organisms multiply very rapidly when held at temper- 
atures between 60°F. and 70°F. The high coliform content 
recorded during the summer was, therefore, to be expected, as a 
certain proportion of the milk samples were not cooled 
immediately after milking. The results summarised below show 
that the effect of adverse temperature conditions are more pro- 
nounced in their influence on the development of coliform 
organisms than on the increase of the total bacterial content. 

Seasonal variation in keepings quality. 

The influence of seasonal variations in bacterial content on 
the resulting keeping quality is shown in Table V. 

A study of these results reveals a definite correlation between 
the bacterial content and the keeping quality ; the Julj^ and 
August samples, on the average, only keeping sweet for two 
and a quarter days, whereas the February, March and April 
samples exceeded an average of three and a (juarter days. Such 
seasonal variations as arc shown in these results point very 
clearly to the necessity for adequate cooling of milk during the 
warm weather })eriod. Next to hygienic methods of production 
and sterilisation of utensils, efficient and ininicdiat<' cooling is one 
of the most important factors in prolonging the keeping quality. 

Relationship between bacterial content and the keeping; quality. 

The following data confirm the results obtained by 
Barkworth, Meanwell, and Taylor in 1920 (8). They demonstrated 
from the summarised results obtained from eighteen competitions 
that there is a steady fall in the f>eriod of sweetness of the milk 
as the baclerial count increases, and that the presence of coliform 
organisms has a markedly deleterious effect on the keeping pro- 
perties of the milk. 

The general trend of the average keeping qualities for the 
ten bacterial count groups under both sub-sections agrees very 
closely with the results obtained by those investigators, but a 
comparison of the actual keeping qualities for each bacterial group 
shows a considerable difference in the two papers, the results 
obtained by the present writers indicating longer periods of sweet- 
ness. The separate results obtained at the Aberystwyth and 
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Bangor laboratories also show a similar differeiioe, although the 
general trend agrees very closely indeed. This is to be expected 
in a comparative test of this nature, where the personal factor 
has such an influence on the results obtained. 


DIAGRAM in. 

Average Momtmly KccPtNC Quality at 60®F of 4. 367 Samples 



A further study of Diagram IV and Table VI shows : 

(1) That the group of 805 samples with the lowest bacterial 
content (under 1 ,001 bacteria per cubic centimetre, with coliform 
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organism absent in 1 c.c.) attains an average keeping quality of 
four days. 

(2) That the group of 487 samples with the highest bacterial 
content (over 750,000 bacteria per c.c. with coliform organisms 
present in any dilution up to 1 /1000th c.c.) has an average 
keeping quality of under two days. 
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(8) That as the bacterial count increases there is a gradual 
widening distance between the two curves; thus, the combina- 
tion of a high bacterial count and the presence of coliform 
organisms has a progressive deleterious effect , on the keeping 
properties of milk. 

(4) That of the 4,887 samples examined only 12 per cent, 
show bacterial counts above 750,000. 
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(5) That 70 per cent, of the samples do not exceed a 
bacterial count of 200, OOO. 


(0) That eoliform organisms are not present in 1 c.c. in 
40 per cent, of the samples. 


DIACHAM 


\ 0 ^ u 
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These results demonstrate very clearly how a particular 
group of organisms, in this case the coliform organisms, may 
shorten the keeping quality of any particular series of milk 
samples, though they have identical total bacterial counts. In 
comparing the bacterial content and keeping quality of any 
small series of samples, due consideration should always be given 
to the qualitative nature of the bacterial flora. It is quite con- 
ceivable that a sample with a total count of 20,000 may have a 
bacterial flora composed mainly of rather inert micrococci, 
whereas another particular sample with a similar total count may 
have a flora dominated by rapid souring coliform organisms. 
In this case a difference of over twenty-four hours in keeping 
quality may occur. 

The importance of efficient sterilisation of dairy utensils. 

A comparatively small number of competitors were equii)ped 
with efficient steaming plants, but in many cases the maximum 
use was made of the existing facilities, such as the ordinary farm 
copper adapted for the purpose. Most competitors who had no 
means of sterilising by steam were usually careful to scajd their 
utensils with boiling water. Under no circumstances, however, 
can scalding be favourably compared with steam sterilisation, 
even when carried out under ideal conditions, as is clearly shown 
by Proctor and Hoy (4) in their experiments on the relative 
efficiency of washing, scalding and steaming ten and seventeen 
gallon milk churns. While good results may be obtained by the 
scalding method it is infinitely more difficult to maintain them 
consistently than with efficient steam sterilisation. 

The data given below for eighty-sev^en competition farms 
show the differences in bacterial count, coliform content, and 
keeping quality which were obtained with the various methods 
employed. 

The majority of samples from twenty-two farms using steam 
sterilisation were within Certified ” bacteriological standards, 
whilst the keeping quality, despite the influence of seasonal 
factors, attained the exceptionally good average of three and 
three quarter days. The samples from the forty-four farms using 
boiling water for sterilisation generally attained ‘‘ Grade A ** 
standards, but the coliform organism content was much higher, 
and the keeping quality averaged three and a half days. A large 
proportion of the samples from the twenty-one farms not using 
steam or boiling water exceeded a bacterial count of half a million 
bacteria per cubic centimetre, coliform organisms were present 
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in most of the samples, whilst the consequent effect upon the 
keeping quality was most striking. 
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Summary. 

The chief facts to be observed from the results of thirty-six 
Clean Milk Competitions in Wales are : — 

(1) That a large numl)er of dairy farms in the Principality 
in addition to producers of Graded Milk ” are at present pro- 
ducing milk within designated ” standards, at least during the 
winter, spring and autumn months. 

(2) That with the utilisation of efficient sterilisation of 
utensils and cooling of the milk this standard can be attained 
by all producers throughout the year. 

(8) That there is a very marked seasonal variation in 
bacterial content and consequently in keeping quality of milk 
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which is transported for any distance, or kept within the influ- 
ence of atmospheric temperatures. The adverse effect of such 
temperature influence is most evident during July, August and 
September. 

(4) That milk produced under hygienic conditions should 
keep sweet for at least two days in summer and two and a half 
days in winter, provided it is kept in a reasonably cool place by 
the consumer during warm weather. 

(5) That there is a steady fall in the keeping quality of milk 
samples as the bacterial count increases, and that the presence of 
coliform organisms has a deleterious effect on the keeping quality. 

(6) That the present methods of routine bacteriological 
examination give a reasonably accurate indication of the 
hygienic quality of the milk, and that different laboratories can 
produce comparative results provided the tests are carrieil out 
stri(*tly in accordance with standardised technique. 
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MONTHLY VARIATION IN THE FAI^ 
CONTENT OF MILK FROM WELSH FARMS. 
By Phyllis M. Hickson, N.D.D., 

University College, Bangor. 

AND 

S. B. Thomas, M.Sc., 

University College, .Aberystwyth. 


During recent years over 7,000 samples of market milk have 
been tested for fat content at the Advisory liaboratories at 
Aberystwyth and Bangor. In all cases the samples were taken 
in six ounce bottles and tested by the Gerber method within 80 
hours of milking. The samples were obtained during the course 
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of two types of advisory work, namely, Clean Milk Competitions 
(over 4,500 samples from 443 farms, the distribution of which is 
shown in the map in the preceeding article), and Local Authority 
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Milk Surveys (the remainder of the samples from approximately 
800 farms). The first group was taken at the farm either by the 
farmer himself or by the County Dairy Instructor from the bulk 
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CHART 1 
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afternoon or morning’s milk of the herd. The second group was 
taken by Sanitary Inspectors from the delivery churns on the 
round, care being taken to differentiate between afternoon and 
morning milk. Even under such conditions the methods of 
sampling were often far from satisfactory, since in many cases 
there was no means of controlling the manner in which the 
samples were taken. 

Requests for information regarding the average fat content 
of milk from Welsh farms during certain seasons have been 
frequently received, and a note on the results available might 
prove of interest. 

The actual results of the examination of 7,872 samples are 
shown in the following tables and charts. It will be seen that 
the monthly results have been divided into four groups according 
to fat content : — 

(a) Pcx)r milk ... ... ... ... under 8.00 % fat. 

(b) Milk below the average fat eonteiit ... 8.00 — 8.49 % fat. 

(e) Oood quality milk ... ... ... 8.50 — 4.00 % fat. 

(d) Rich quality milk ... ... ... over 4.00 % fat. 

The majority of the samples were taken from producer- 
retailers so that the results at least give an indication of the 
fat content of the milk as received by the consumer in such cases. 

Afternoon. 

It is interesting to find that with the exception of milk 
taken during March to July, 50-60 per cent, of the samples 
contained over four per cent. fat. Even during the five spring 
and summer months practically 40 per cent, of the milk con- 
tained over four per cent. fat. There is no very marked seasonal 
fluctuation in the fat content of afternoon milk samples, although 
a slightly richer milk is retailed during the winter and autumn. 
Of practically 8,000 samples, only 5 per cent, contained less 
than three per cent, butter fat. 

Morning milk. 

The fat content of the morning milk was not only much 
poorer, but also showed great seasonal variations. The average 
results for over 4,000 samples show that only 15 per cent, con- 
tained over four per cent. fat. The samples taken during May, 
June, July and August were particularly poor in fat content, 
practically 25 per cent, containing less than 8 per cent., and 
70 per cent, less than three and a half per cent. The autumn 
and winter samples were again much richer in butter fat, but 
contained considerably less in comparison with the afternoon 
samples for these periods. 
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Circumstances affecting the butter fat content. 

The Sale of Milk Regulations, 1901, provide that a sample 
of milk which contains less than three per cent, of butter fat is 
to be presumed, for the purposes of the Food and Drugs (Adul- 
teration) Act, 1928, not to be genuine unless the contrary is 
proved. It is well known, however, that the introduction of 
certain factors will tend to lower the fat percentage of milk 
without adulteration having taken place. 

(a) Small herds. 

Fairly accurate information has been obtained as to the 
size of the herds on farms entered in the Clean Milk Competi- 
tions. From 40 to 50 per cent, of the farms keep a herd of 
10 — 20 cows, only 10 to 20 per cent, have a htT<i of over 20 cows, 
whilst over 30 per cent, have less than 10 cows in milk. 

Although the limit of three per cent, fat is lower than the 
average percentage of mixed milk from a fair-sized herd, it is 
often found that the milk of an individual cow may fall below 
this standard at certain seasons or under different conditions 
of management and milking. In the case of small herds of 6 — 
10 cows the presence of two or three such cows may bring the 
fat content of the bulk milk below^ the presunipli^ e limit. That 
the effect of the individuality of cows is more marked in small 
herds is well known. A study of Table 111 reveals the fact 
that out of 436 samples from small herds, 17 per cent, contained 
less than 3 per cent, butter fat as compared with 11 j>er 
cent, of the same number of samples taken from larger herds. 
On the other hand it is strange that the pro])ortion of “ medium ” 
samples, i.e., 3.00 per cent, to 4.00 per cent., is about the same 
in the small herds as in the case of the larger herds, while the 
proportion of samples containing over I })er cent, of fat is 
distinctly lower. It is ])ossible that the number of results 
obtained is too few to enable a general conclusioTi to be drawn 
therefrom, but it would appear that there is probably some 
factor involved which influences the low fat content other than 
that of the individuality of the cow. 

(b) The milk bottling problem. 

In cases where milk is bottled on the farm, a large propor- 
tion of the producer-retailers bottle direct from the cooler, and 
in many cases the container above the cooler is only capable 
of holding the milk of two to three cows, which may be milk 
of a low fat percentage. Thus the bottled milk is often not 
well mixed and the individuality factor again plays an important 
part. Quite a large number of the samples taken by the farmers 
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during Clean Milk Competitions were taken under such condi- 
tions. 

TABLE IIL 

Milk samples from eighty-five farms arranged according to size of herd. 



Mitrniny Mill* Samples 
from small herds 
{ehfhl ettirs aad under). 

Mornimj Milk Saittples 
from Uirqer herds 
(orer eiqht eotrs in 

1 herd). 


.\u tuber of 

1 samples. I 

l*er eenl. 

y nod) er of 
samples. 

Per cent. 

rmliT o.no prr (-(Mit. 
fat ...| 


17 


11 

pf*r <*cnt. 


:U 

i;i8 


1.0(1 ju r cent. 


.‘to 

nr 

27 

Over 1.00 j)er <’eiit. 

98 

1 22 

1S:t 


'lotal 

i;}(» i 

1 

j 10(» 

1 

j VMi j 

100 


The following table gives the fat content of 127 pint bottles 
of morning milk taken at random during the course of twelve 
months from ten farms where the rniik whs bottled direct from 
the cooler ; — 

TABLE IV. 


I'al nuifenl. ' 

' \ umber. 

Per eenl. 

\ 

t lulrr 2.0<> per <fnl . 

i 

a 

•J.oo 2.f*0 per cent. 

Jli 

20 

!.(M) per (M'Tit. 

.77 

i.7 

l.lo |»er cent. 

22 

i 

.’i.tO per cent. 


7 

Over p<T cent. 

9 1 

1 .') 

Total 

127 

i 

KH) 


The results show extreme variation, a large number of 
samples containing less than 2 per cent, fat, a similar pro- 
portion, on the other hand, containing over 0 per cent. 

(r) Infervals hrfxcccn snertHHive niilkin^, 

A large proportion of the producer-retailers deliver their 
milk twice daily, particularly during the summer months May 
to August, the afternoon delivery generally taking place from 
4.80 p.m. to 5.0 p.m. Under these conditions the intervals 
between successive milkings are often fifteen and nine hours 
(milking (> a.m. and 8 p.m.), and the fat percentage is generally 
very low in the morning^s milk. 
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Summary. 

The results of the analyses for fat content of 7,372 random 
samples from the bulk milk of over one thousand herds show : — 

(1) That the afternoon milk generally contains a high 
fat content, a large proportion of the samples examined 
containing over 4 per cent. Only 5 per cent, of the samples 
failed to reach the 3 per cent, presumptive standard. 

(2) That there is very little seasonal fluctuation in 
the fat content of afternoon milk. 

(8) That not only is the fat content of morning milk 
much lower, but very marked seasonal fluctuations occur. 
Practically 25 per cent, of the samples tested during May to 
August contained less than 8 per cent. fat. 

(4) That the large number of morning samples which 
fall below the presumptive standard during the period May 
to August may be attributed to a certain extent to the 
following local circumstances : — 

(a) A large proportion of the dairy farms have less than ten 
cows in milk. 

(b) Producer-retailers often bottle their milk directly f;*om 

the cooler, the container of which may be only large 
enough to hold the milk of two to three cows, and a 
random bottle may therefore contain milk from cows 
which yield a low fat percentage. 

(r) Producer-retailers who deliver their milk twice daily 
during this period, milk at very irregular successive 
intervals. 


SEASONAL VARIATIONS IN THE KEEPIN(; 


QUALITY OF BUTPER FROM FIVE FARMS. 

By G. T. Morgan, N.D.A.. N.D.D., 

University Aherystwytli. 


An examination of the results of county butter competitions 
conducted in the Aberystwyth Advisory Area showed wide 
variations in the keeping properties of farm-produced butter, 
and it was evident that these fluctuations were in some measure 
due to seasonal factors. As the majority of butter competitions 
were only conducted over a period of six months it was decided 
to study the quality of butter from a number of individual 
producers over a complete period of twelve months. 
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Five producers who were known to be producing good 
quality butter kindly undertook to forward samples of unsalted 
butter to Aberystwyth each week on the day of churning. The 
first samples were received during the first week of May, 1981. 

All samples were examined at approximately twenty-four 
hours old and were scored in accordance with the following 
score card : — 




Max. 

points. 



Flavour and aroma 

50 



Body aiul toxtnre 

Iii(‘or{K)rHtioii of moisture 

25 

15 



Colour 

10 




100 

! 



The samples were then placed in a low temperature incu- 
bator at 60®F. and were tested for keeping quality on alternate 
days. The life of a sample ended when it developed a pro- 
nounced “ off ’’ flavour or taint. 

The method of grading adopted for the use of butter com- 
petitions (1) (2) was followed during this investigation. 

Table I shows the distribution of the samples in the various 
grades. 

TABLE 1. 



1 

1 

.Vo. of 
samples. 

Per 
rent . 

A cerat/e 
krepiiiff 
HuaUhj. 

(lra<le I. 

Minimum smrc S5 

12:5 

fiS.fi 

Ilf <iays. 

(iradr II. 




Miiiimum seore so 

it 


IS day^. 

( i ratl<’ in. 



Minimum s« ore 75 

IH 

t.5 

li da\s. 

Hriow (irade III. 

1 

.S 

11 days. 


NiiinluT of Miiiipies rxa mim’d, 


From the above table it will be seen that the majority 
of butters examined were placed in Grade I, and that the highest 
grades attained the best keeping qualities. These results 
emphasize the fact that the butters examined were of good 
quality, and superior to those examined during the course of the 
butter competitions. 
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The distribution of 410 competition samples in the various 
grades is shown in Table II. 

TABLE 11. 


(irade I 



(Trade II 



(;rade III 

2S.9 


Below ( rrade III 




The producers who forwarded butter samples for this 
investigation were from the counties of Cardigan, Merioneth 
and Pembroke. 

Farm A, 

At this centre churning was carried out once weekly 
throughout the year, there was always a demand for fresh cream 
from this farm and consequently the churnings were small. The 
herd consisted of seven cows and was made up of Welsh Blacks 
and Shorthorns. 

Farm B. 

The herd consisted of 14 Shorthorn cattle and churning was 
carried out once weekly. 

Farm (\ 

Churnings were carried out once weekly from a herd of 20 
Shorthorns and two Guernseys. 

Farm I). 

At this centre butter was made from whole milk. For the 
period May to the end of December churnings were made twice 
weekly, from the end of December to mid-February once weekly 
and then once fortnightly until the end of April. The herd was 
made up of Welsh Black Cattle. 

Farm E, 

Churnings were carried out twice weekly during the period 
May to the end of September and then once weekly during the 
remaining period. The herd consisted t>f 28 Shorthorn cattle. 

With the exception of Farm 1), cream separators were used 
in each case. 

The average monthly keeping qualities of the butter received 
from each farm is shown in Table III. 

The poorest flavoured butter was produced * during the 
months December to April inclusive, whilst the four worst 
months from the point of view of keeping quality were Decem- 
ber, January, February and March. 
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During the latter pericxi the herd is housed entirely iifdoors, 
and the quantity of milk which is available for butter-making 
purposes is relatively small, with the result that churning takes 
place at less frequent intervals. Cream which has been collected 
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over too long a period will not yield a good flavoured butter — 
such butter will possess acid and stale flavours and the keeping 
quality will be poor. 

One of the chief objects of cream ripening is to obtain the 
desired flavour and aroma which is characteristic of good butter. 
During the ripening period the cream should be held at a tem- 
perature which favours the growth and development of the 
flavour and aroma producing bacteria. Suitable ripening 
temperatures will lie between 60®F. and 68^F. Temperatures 
below 60®F. encourage the development of undesirable types of 
organisms and these will give rise to bad flavours. 
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Under farm conditions difficulty is often experienced in 
maintaining the cream at suitable temperatures during the 
winter months. 

A slight improvement in keeping quality is recorded during 
April and May while a greater improvement is recorded during 



June and July. The butters produced during August show a 
slight falling off in keeping quality, but those produced during 
September attained the highest keeping qualities recorded during 
the twelve months. 

In a previous article (2) it was pointed out that Leaky 
butter possessed a poorer keeping quality than butter which had 
been thoroughly ‘‘ worked and where the moisture was incor- 
porated in the form of minute droplets. 
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Spring and early summer butter is invariably soft and oily 
in texture, consequently it will not stand much working and this 
leads to an incomplete incorporation of the moisture. Sep- 
tember butter, on the other hand, possesses a much firmer body. 
Such a butter will stand considerably more working and this will 
lead to a thorough incorporation of the moisture. 



Keeping properties recorded during October and November 
show a slight downward tendency as compared with those of 
the previous months. 

Diagrams 1 — 5 show the average monthly keeping quality 
of butters examined from each of the live farms, whilst the 
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monthly averages of all samples is shown in diagram 6. Dia- 
gram 7 gives the average monthly score ” of all samples as 
judged on arrival at the laboratory. 



Summary. 

The examination of 205 weekly butter samples from five 
butter producing farms over a period of twelve months show : — 

1. That there is a close correlation between the keep- 
ing quality and the score awarded on arrival at the labora- 
tory. 

2. That the best butter is produced during the period 
July to September whilst the poorest butter is produced 
from December to March. 

8. That seasonal fluctuations from each of the five 
farms agree fairly closely. 
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ABSTRACTS, REVIEWS, 

AND BIBLIOGRAPHIC A I. NOTES 


AGRICULTURAL ECONOMICS. 

Ahstmciorif : 

J. Ij.kfi.lys Daviks, M.Sc., ,1. (Ilynnk Wii.ijams, H.Sc., M.S., \V. H. 

JoNKs. H.Sc., R. Hendluson, H.Sc. * 

ACCOUNTS AND COSTS. 

Agricultuire in the Eastern Counties of England — an Economic Survey of. 

Report No. 19. Farm Economics Branch. f)c])artmcnt of Ajfricnltnrc, 

University of Cambridge. 

The information contained in this Re|X)rt is based upon survey data 
collected in England during HKH. Fanners in the six countie*8 of 
Norfolk, Suffolk, Essex, Hertfordshire, Cambridge and Huntingdon- 
shire* were visited and records from 1,028 farms were obtained. The 
Report is largely of a descriptive e harncler and is mainly concerned 
with determining the nature and extent of the agricultural situation at 
that time. Only holdings of over twenty acres are included, whilst 
fruit, market garden ami hobby farms were omitted. 

A somewhat new con<*ept is introduced into the analysis being the 
** profit surplus**; this is the surplus which remains after subtracting 
from the farm income an alkmancc for the m'cupier's own labour and 
also a per cent, on the farm capital. When this metluMl is applied for 
testing the profitability of the holdings it was found that in order to 
provide 5 per cent, on <‘apital and 4‘8s. per week for the farmer’s rnaniml 
and managerial labour, prices would need to he 18 per c*ent. higher. 

Conipari.sons of profitability are uiaile between groups of farms on 
which the sy.stenis of farming are <liffcrent and it is shown that better 
results were obtained on the livestock farms than on tlu* crojj farms. 
Some interesting information is given regarding the factors which have 
an influence on profits. Heavy output per £1(K) spent on labour was 
found to be associates! with relatively high profits. Further, incomes 
were generally higher on holdings which turned over from tw’o-thirds to 
three-quarters of their capital in a year, than on those which turned over 
less. The most important factors influencing profits w(*re found to be : 
efficiency of labour in terms of output, the rate of turnover, the 
(‘fficieimy of livestoc*k production in terms of output per .£101) worth of 
food, the size of the farms measiircil in terms of output. 

W.H.J. 

Farm Profits — an Experiment in the interpretation of. 

E. Whittaker, East of Scotland College of Agriculture, Edinburgh. 

Rejiort from Scottish Journal of Agriculture, 

This paper describes an experiment in method.s for the study of 
farm management. The first part tleals with the cross tabulation method 
as an aid in finding the factors ass«M*iate<l with income. In the seeoml 
part the results of applying the mathematical method of multiple 
correlation are presented. (^/Onipnrison is made of actual profits on the 
holdings investigated with those estimated by calculation. 
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Horse Labour — the cost of. 

Report No. 15. Jamks Wyllik, South-Eastern Afrririiltural College, 
Wye, Kent. 

Tills investigation attempts to throw some light on two questions 
that are of general interest (1) what has been tlu? average annual cost 
of keeping a furiii horse (luring the last two years and (2) what has been 
the cost per hour of work done. Cost is made up os follows; — 

£ s. d. £ s. d. 

Foods; Purchased ... 2 (> 1 

Home grown ... 15 1 7 

Crazing ... 2 9 3 


Lc^ss iiiaiuire 

Net cost of foods 

Depreciation on horses 

Man labour 

Sh(K*ing 

Harness repairs 

Kquipment 

V’et. and Medicines 

Sundries 


19 16 11 
1 18 1 

17 18 10 
4 8 8 
1 0 0 
2 4 5 

12 1 
0 19 7 
0 7 10 
12 4 


Total 


£29 3 9 


The net cost per horse per week ... ... = 11s. 3d. 

( ost per horse hour ... ... ... ... — 4.5d. 

Average number of hours of work per horse j>er week — 30 

'Hiis Report is a continuation of a previous statement and deals with 
results during the years 1926 to 1931. 

During the lirst three years the average cost of keeping a horse was 
£3(i or 13s. lOd. per week or 5.4d. per hour, but during the last two 
years the respective ligures have been £30, lls. (id., 4.4d. I'he average 
working week was 3H hours. W.H.J. 


Milk Production — some asp€K:ts of economic. 

J \ME.s Wvi.ijr., South-Eastern Agricultural College, Wye, Kent. 

'Hils paper was read before the Conference of Agri<‘ultural Orgaui.sers 
at Cambridge in 1931. The development of milk production as a 
specialiseti enterprise is touched in the early part, with some reference 
to the Harley and Hosier .systems. Particular .stress is laid upon the 
duties of those persons who are (‘ailed upon to advise farmers in the 
better methods of organising milk production as an industry. Mr. 
Wyllie suggests that at present too much stre.ss is laid upon making the 
eJlistiiig organisation as perfect as possible and to(.> little on general 
organ i.sat ion upon different lines. The iiiq^ortance of such matters as 
cost of production, milk yield per cow and financial return are also 
briefly dealt with in the paper. W.H.J. 

Milk Production over five years, 1926-7 to 1930-1. 

J.AMKS Wyllik, South Eastern Agricultural College, Wye, Kent. Report 
No. 14. 

During the period of five years over which this investigation extends, 
the college farms were in the process of building up a Tuberculin Testetl 

R 
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herd ; an enquiry was tliereforc c'ondueted into the financial aspect of 
the problem. When tuberculin testing commenced nineteen reactors 
were found amongst a herd of sixty-three cows, which amounts to 
30 per cent, of the total. Again during the year when tuberculin testing 
was begun the loss on the milking herd was £182 and on the other 
dairy stock £257. In the last two years, however (1930-31) the cows 
left a profit of £384, but there was still a loss of £215 on the other dairy 
stock. 

Many factors appear to have c*ontributed towards this improvement — 
— by the end of the period cost of labour fell from 5.58d. to 4.09d. per 
gallon, cost of foodstuffs from 8.3d. to 6.39d., and the cost of deprecrn- 
tion on the cows from 1.43d. to .Old. 

This is a very interesting publication ; it deals very fully with the 
cost of improving a herd of cows, but it is not claimed that the results 
submitted are repre'sentative of those on onlinary milk farms. 

W.H.J. 


MARKETING; CO-OPERATION; PRICES. 


Collective Bargaining Organisations ; A price plan for selling Milk by. 

R. W. Bartlhtt, Bulletin 2.>1, Pennsylvania State College, Penn- 
sylvania. 

The organisation of producers and <listributors in the milk trade of 
this country has develope<l so far as to enforce upon both groups the 
necessity for amicable settlement of prices to be paid. Any publication 
which details a practical attempt to formulate a basis upon which an 
adequate price sy.stem can be based is therefore of interest. Price plans 
have been quite common in the ITnited States and have met with varying 
success. 

This publication is the result of a c*areful study of a number of price 
plans which have been adopted, and, by analysis and criticism, it attempts 
to show the strength and weakness of the individual .schemes. The 
analysis of consumption and production of milk plus the review of price 
plans assists the author in drawing out certain fundamental principles 
upon whicli the price-determining prwess must be based. 

The bulletin concludes with a detaile<l description of the Ifittsburg 
Equalizing Value Price Plan in which an attempt has been made to 
combine the sound elements of existing price plans with such new 
elements as seemed necessary in order to adhere to the basic principles 
oiitlincHl. ,T.(1.W. 


Dairy Produce, Report on the marketing of Butter and Cream. 

Part 2, Economic Series, No. 30, Ministry of Agriculture, H.M. Stationery 

Office, London, 1932. 

Two previous Reports of this series have dealt with the marketing of 
milk and cheese respectively. This Report is concerned with butter 
and cream. 

Both these commodities have peculiar characteristics in common. 
The main one being the relatively low consumption of the home pro- 
duced commodity per head of the population. The extent to which an 
increased consumption in either would relieve the liquid milk market 
is an interesting problem, and only a detailed knowledge of the market 
for both products will permit of a reasonable answer. These studies are 
therefore of value not only as they give a basis for the possible improve- 
ment in the marketing of the respective commodities but in placing 
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ileiinite information before persons interested as to the nature of supply, 
both imported and home produced, and the peculiarities of demand. 

The importance of foreign supplies of butter on the market 
necessitates a detailed statement of the organised methods of sale and 
the systems of quality control adopted by these countries. The possi- 
bility of standardisation of home produced butter is discussed, and an 
outline is given of a National Mark Scheme for Creamery Butter. There 
is also the suggestion that the development of creameries in suitable 
areas may follow from the rationalisation of the milk industry. 

I’he study of the cream marki^t als(> includes a suggested outline 
for a National Mark Scheme. This has not been propounded because 
of foreign competition but to assist purchasers and maintain confidence 
in the quality of the product. It is made c lear that it is most difficUit 
for the c‘onsumer to estimate the (|uality of cream by inspection. The 
imi>ortanc*e of canning crt?am is fully appreciated, and it is suggested 
that in spite of the present small .scale of cream canning the possibility 
of marked development in the near future may call for a National Mark 
Scheme* for this commcHlity independent of any scheme for fresh cream. 

J.G.W. 

East Bay Milk Market, An analysis of the. 

.). M. Tinlky and Martin H. Blank. Bulletin 534, Giannini Foundation 
of .Agricultural Rconomic*s, University of California, Berkeley, Cal. 
.After a Milk war lasting several months the (Hannini Founda- 
tion were called upon, as an independent body, to make a detailetl study 
of the economic factors afl’ecting the marketing of whole milk in the 
area concerncnl. The bulletin presents in detail the information collected 
in the course of the study. The investigation <*overed demand and 
supply of fluid milk, together with a survey of transportation and dis- 
tribution methods. In the final rec'ommendations the authors suggest 
that in order to maintain demand, a scdieme of indu.stry advertising 
should be adopted as this would be far less expensive than competitive 
advertising by individual distributors. They also maintain that dis- 
tributors should make a concerted effort to introduce every possible 
et'onomy in distribution and that one form of economy which could be 
adopted is for producers and distributors to concentrate the hauling of 
milk in the hands of one agency. As it does not seem possible to 
establish the buying and re-sale prices of milk on the basis of any 
formula, it is suggested that a milk trade board be set up to collect and 
analyse information relative to the economic factors influencing produc- 
tion, distribution and consumption in the area. It is then suggested 
that producers and distributors should meet this milk trade board 
periodically to fix prices. J.G.W. 

Livestock Movements in Cornwall and Devon, A study of. 

J. J. MacGreoor, M.S., B.Sc., N.D.A. 

In these days of Marketing Act and Marketing Schemes a more 
detailed knowledge of tlie movements of farm animals between the time 
and place of their production and the time and place of their consump- 
tion would serve a useful purpo.se. In fact, if ever any rationalised and 
systematised marketing scheme for live stock is to be carried out, this 
detailed knowledge will be essential. Organised marketing of any farm 
product predetermines a survey of existing methods of distribution, and 
a systematic analysis of all available records of the movements of the 
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product from its centre of prodii<‘tion to the area or locality in which 
it is consumed. Mr. MacOregor has rendered a signal service by pro- 
ducing tlie results of his survey at the present time. If what he has 
done in C’ornwall and Devon could be done for every other county in 
England anil Wales, then a wealth of detailed information would be com- 
})iled and could at once be placed in the hands of any committee or com- 
mission appointed for tlie purpose of working out a marketing Hcheme. 
'J’he information would provide a working basis not only for re-organisa- 
tion, but for the effectation of major economies related to distribution. 
Mr. Mac(rregor has collected details of the distribution of cattle, calves, 
sheep and pigs, both ns exports from and imports into the two counties 
concerned. As might he expected in counties where live stock production 
is predominant the export trade assumes by far the greater importance, 
and it is with these that the work is mainly coni'erned. 

Shipments of the four classes of live sto<*k from the railway stations 
have been analysed, and the total numbers consigned to numerous 
counties in England and Wales are indicated, and thus it is possible to 
appreciate at a glance those which fK*cupy a proniinent position in the 
live-stock trade of the two counties. With regard to imports, the counties 
from which they are derived are discovereil in the same way. In making 
use of railway station live-stock records, therefor(‘, Mr. MairGregor has 
been able to indicate the direction of both the outward and inward trade. 

Statistics of railway traffic, however, do not cover the whole of 
livestock movements. Road transport now accounts for some propor- 
tion, but for the longer distan<*e as between counties nearby or ramotely 
ilistant, it may be assumed that practi<*ally all the traffic is carried by 
rail. Figur€*s of road traffic would not, therefore, materially affect any 
<*onclusioii arrivetl at as to the general direction of live-stock movements. 

'I’lie analysis has been carried further within ( ornwall and Devon. 
Here it is seen that certain areas are mort^ definitely engageil in export 
to counties at a distance than ore others. 

'rhe work is supiK>rte<l throughout by tables which are at onc*e 
intelligible and elucidating, and although these give figures for the year 
19J10, the work is a useful contribution to applieil agricultural economics, 
particularly in view of existing conditions in the agricultural industry 
and the changes which are likely to be effected in marketing. 

R.H. 


Marketing Activities of the North Dakota Agricultural College. 

A. H. Benton and H. I-.. Dal.stkr, North Dakota Agricultural College, 

Fargo, North Dakota. 

'file North Dakota Agricultural ('ollege was one of the first agricul- 
tural institutions in the United States to offer a separate (‘ourse in 
marketing. Market grades, principles of grading and similar topics are 
taught by various departments in the College, the Dejwrtraent of 
Agricultural Economics teaching the Economic Principles of Marketing. 
This report is published by the latter department and gives details of 
the courses offered as well as giving a brief report of all the marketing 
activities and research topii^.s undertaken. 

As it shows the wide range of activities which can be profitably 
undertaken by an agricultural institution offering direct service to the 
general farmer it is a publication of interest to all agriculturists in these 
days of marketing reorganisation, J,G,W, 
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Milk Manufacturinip. 

F. .1. rRKWi/iT. A^rriniltural Krciiiuniics Hesrarcli liistitutr, Oxford. 

(Oxfortl ClHrcndon I’foss). 

'rhis survey is one of a series <»f surveys of milk production and 
<listril)iition in dili'erent areas in this <*ountry. It is the first attempt to 
detail tlu^ conditions of use* of milk in an urea of small farms, where most 
of the milk is usecl for inamifaetiirinpr purjmses. 7’hc area surveyed is 
West Coriiwulh and the study the records of 27,(i74» dairy cows owned by 
.‘hb'OJ milk producers. I’he material is interesting and fre.sh, be<*ause of 
the vast difference in use of milk shown for this area as compared with 
other districts in this country. The broad (comparison between West 
Cornwall and Derbyshire is set out as follows, and illustrates this point. 

Percentage of production. 

Derbyshire. West Cornwall. 


Wholesale 

74.8 

;i9.i 

Froducer-retail 

14.2 

6Ji 

Domestu* manufacture 

2.4 

45.0 

(’alves and home consumption 

8.6 

9.6 


Of the milk sold licpiid by the fanner only about half was used for 
li(|uid consumption, (‘(piivalent to no more than 12 per cent, of the total 
milk produced. Details of use of milk for manufacture are interesting, 
the main products of the creameries being butter and cream for sale. 
In some cases milk is collected by the manufacturers, while in other 
cases the milk is separated on the farm and the cream collected. Details 
of the differential prices paid or values realise<l per gallon of milk used 
for different purjKwes arc given, and the contrast betw^een prices realised 
for milk sold for licpiid con.suinption and that used for butter-making 
either on farms or in creameries is striking. The main problem of the 
“ liciuid '' and “ mamifucturing market ” for milk is well illustrated by 
this survey, and it is to be hoped that more studies of this kind can be 
undertaken leading to analysis even more comprehensive than in this 
case. J.Ll.D. 

Pigs and Pig Products, Report of the Reorganisation Commission for. 

Economic Series, No. 117. Ministry of Agriculture, H.M. Stationery 

Office, London, 

ruder the Agricultural Marketing Act reorganisation commissions 
could be set up to study the methods of improvement in the marketing 
of sj.)e<.!ified products and to outline schemes to be operated within the 
powers of the Act. This report consists of the findings and the recom- 
ineiidutions of the first commission to be set up. 

'I’o those interested in the general problem of marketing of farm 
products it gives an excellent guide to the attitude of the Government 
to future <levclopmcnt, and in fact shows the marked change in policy 
which has been adopted since the passing of the Agricultural Market- 
ing Act. It gives an excellent review of the difficulties, and also offers 
suggestions as to the best methods in the opinion of the Commission, 
to overcome these and place the business of pig production on a satis- 
factory and expansionist basis. 

Whilst the Commission was set up to suggest a solieme for the 
reorganisation of pigs and pig products and therefore the title of the 
publication is quite accurate, it should be iiotecl that the Report deals 
only with bacon pigs and bacon, the commission finding that there was 
little prospect of a permanent profitable expansion of pork production 
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owiii*? to tin? limitations of the market. The Report therefore aims at an 
expansion of bacon pifi;* aiul bacon proiluction in this country, neglecting 
entirely, for the pres(?nt, the pork pig and fresh jxirk market. The 
objects being to tlcvelop a pig production expansionist policy, by 
offering a guaranteed market at the same time developing a stabilised 
bacon-curing industry. J.G.W. 

Poultry, Guide for Organising Fanners* Co-operative Marketing Associa- 
tions. 

Bulletin No. 7. 

Co-operative Marketing makes steady growth. 

Bulletin No. 8. 

Statistics of Farmers' Selling and Buying Associations, United States, 

1863 - 1931 . 

Bulletin No. 9. 

Co-operative Marketing of Farm Products. 

Bulletin No. 10, FedcTal Farm Board, Washington D.t!. 

These publications of the Federal Farm Board are of interest to all 
concerned with agriculture in this country as a source of information of 
the type of work carried out and of its achievements. Both in this 
country an<l the United States the organised marketing of agriculural 
products is receiving considerable attention by the government depart- 
ments concerned. In the latter country three important Acts dominate 
this i!ontrol, the Agricultural Marketing Act, the Capper Volstead Act, 
and the Act Oeating Division of (Jo-operative Marketing. These jJublica- 
tioiis give a general idea of the method of attacking the problem in the 
United States and therefore give a fair basis for cumiparison with the 
methods adopted to solve a similar problem in this country. 

Bulletin No. <, on poultry, is a detailed statement of the legal require- 
ments of Co-operative marketing associations in the United States 
together with an outline of the prwedurc netressary for the setting up 
of an organisation for the sale of poultry. It also iiK'ludcs a statement 
on the method of reorganising existing asso<*iations in order to permit 
them to take full advantage of <*oncessions received under the more 
recent Acts. Legal forms and model rules of societies are included. The 
final appendix consists of a copy of the Capper Volstead Act. 

Bulletin Nos. 8, 9 and 10 are mainly descriptive, covering a wide 
variety of commodity organisations which exist, although Bulletin No. 9 
is mainly historical. J.G.W. 

Scotland and Wales, Agricultural Co-operation in. 

A Survey by the Horace Plunkett Foundation. Published by Routledge 
and Sons, Ltd. 

This is the final volume of a series of surveys, undertaken by the 
Horace Plunkett Foundation, of Agricultural CJo-operation in the British 
Isles. Treating both countries independently it follows the procedure 
adopted in the previous surveys, giving a short historical introduction 
followed by a survey by counties introducing a brief description of the 
activities and financial position of each individual society. There is also 
considerable descriptive matter on interesting experiments in agricultural 
co-operation for the marketing of miscellaneous farm products. 

It is unfortunate that the report on the activities in Wales is not 
absolutely reliable and even errs badly in some respects. 


J.G.W. 
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Wool Marketing. 

Aia’a H. Bknton. Bulletin No. 2.V2, Agricultural Experiment Station, 

Fargo, North Dakota. 

'riiis is u brief survey of the general problem of wool marketing in 
the United States, but it contains a fairly detailed statement of the 
progress of the North Dakota Co-operative Wool Urowers* Associations. 
There i.s a short discussion on the trend of sheep and wool production, 
together with a study of consumption in relation to the growth of popula- 
tion. Imports together with the effects of the tariffs and also the trend 
of consumption of the substitutionary products rayon, silk and cotton 
arc tliscussed as an introduction to more important study of the factors 
which detffrmine the market value of wool. These factors are dealt with 
on the basis of the system of grading in the United States giving an 
interesting explanation of the attempt to substitute the “ blood ” basis 
of grading by the ** <*ount system. 'I'o those interestcjd in the co- 
operative marketing of w(k>1 this is a full description of the origin, 
organisation, methods of operation and marketing costs of the co-opera- 
tive organisation for the sale of w(x>l in North Dakota (^om^enced in 
1920. 

An excellent glossary of wool terms is appended which is of con- 
siderable value to those not acquainted with the technical terms of the 
wool market. J.G.W. 


ANIMAL NUTRITION. 

A hstractor : 

K. O. DAVihs, M.vS ., I niversity College, Aberystwyth. 

Cellulose; The Mechanism of — ^Digestion in the Ruminant Organism. 

(iii) The action of cellulose«splitting bacteria on the fibre of 
certain typical feeding stuffs. 

H. E. Woodman and J. Stewart. J . Agr. Set., 19;i2. 22, 527-47. 

Results of the action of cellulose splitting bacteria on the fibre 
of a number of typi<*al feeding stuffs are given. The fermentability of 
the fibre separated from a number of feeding stuff’s shows that the 
fermentathm <*oefficients arc higher than the (‘orresponding fibre diges- 
tion coefficients as determined in animal trials. The digestibility of the 
fibre in a crop i.s not merely influenc*cd by the amount of ligno-cellulose 
which it contains, but is chiefly related to the intimacy of the association 
of the ligno-cellulose with the cellulose in the cell walls. R.O.D. 

Chickens; The Relation of Calcium and Phosphorus to Growth and 
Rachitic Leg Weakness in 

R. T. Parkhurst and M. R. McMurrav. J , Agr. ScL, 1932, 22, 874-82. 

Retarded growth and poor bone development resulted from feeding 
a ration in which 5 per cent, of muise meal had been replaced by 5 per 
cent, of ground limestone. The basal or no-limestone group confirms 
previous results indicating that ground limestone may have a depressing 
effect on growth. R.O.D. 
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Dairy Cows; Calcium and Phorphorus Assimilation by 

H. n. Ellenbviuiku, J. A. Newlaniiek, C. H. Jonks. /’mo. Amer. Sor, 
Animal Produrflon, January, 1932, 126**8. 

Calcium ami phurphorus balanrcs were computed weekly on live cows 
extending over full Jactation and gestation i>eriods. Negative balances 
appear to be normal <hiring the early part of tht' lactatitm and are 
compensated by rapki storage as lacdation and gestation proceeds. 'Mie 
cows assimilated 42.9 per cent, calcium aiul 27.1 per cent, phosphorus 
when ensilage was fed. R.O.D. 

Ewes; Importance of Preparatory Feeding before Lambing for Milk 
Yield of 

R. Kellner. iJisHcrt. Breslau, 1931 (Expt. Sta. Animal Breetliiig and 
Dairy Farming, l^niv. Breslau). 

Observations were made on thirty ewes in three groups. A t‘onsider- 
able increase in milk yield was found in the ewes given preparatory 
feeding. R.O.D. 

Grassland Management; Investigations into the Intensive System of. 

S. J. Watson, W. S. Ferguson, J. Proctor. J. Agr, M., 1932, 22, 

235-90. 

(VI 11) The comparative digestibility and feeding value of fresh and 
artificially dried grass. 

Drying grass in a band drier by heated air at an inlet temperature 
of 200®C. has not affected the digestibility of the various constituents, 
with the possible exception of crude protein which is slightly depressed. 
By means of a temperature of 600®C. the output of the drier is increased, 
but the digestibility of the final product is adversely affected. 

(IX) The digestibility of artificially dried hay. 

Hay of excellent quality and high digestibility has been made by a 
process of artificial drying in which a current of warm air is blown 
through the grass in a stack. The resultant product was of much greater 
feeding value than good meadow hay or seed hay, and was made at a 
season of the year when hay making conditions were poor. 

(X) Mineral content of intensively treated pasture. 

The mineral content of intensive pasture is equal to that of the best 
type of pasture producred by other systems of management, and superior 
to that of average good cultivated pasture in (»reat Britain. 

(XI) The effect of nitrogen on the yield, composition and digestibility of 
gra.ssland herbage. 

The results of these experiments indicate the effect of nitrogen on 
the production of earlier grass, and on the production of an increased 
yield of dry matter and protein. They also indicate that nitrogen has 
effected a more uniform distribution of growth and a higher autumnal 
growth. The digestibility of the nitrogen treated herbage has been 
high throughout the season. R.O.D. 

Maize Germ; The Influence of--— on tbe Quality of Bacon. 

C. Crowther. j. Min. Agr ., 1932, 39, 428-40. 

Experiments are described which were carried out at various research 
centres to compare the relative merits of whole and “ degermed maize 
in pig feeding. Reliance was placed primarily upon inspection both of 
the fresh meat and the cured carcasses. Tbe experiments are in sub- 
stantial agreement in demonstrating that the removal of the germ from 
the maize tends towards the improvement of bacon quality. R.O.D. 
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Maize Meal; (Coolted) — ^The Value of — in the Nutrition of Swine. 

IT. K. WoooMAN nntl II. K. Evans. ./. Ayr. Sri.^ 19.T2, 22. 670-5. 

1 )t*f?(*nn<Hl injii/c iiiejil (rooked) is equal, in respect of digestibility, 
lo su(’h highly iligestihlc foo<ls as tapiot'u flour and flaked maize, and is 
significantly superior to whole maize meal and barley meal. On account 
of its low oil content it shouhl be capable of being employed liberally 
in IIh^ rations of porkers and bat'oners right np to date of slaughter, 
and in this respect. tluTcfore, pnssrsses an advantage* over both whole 
maize meal and flakc^d maize. R.O.D. 

Malt Coombs; The Value of — as a Feeding Stuff. 

.f. I*. Drkw and 13. 1 )k\sv. Iriah ./. of Ayr., .*11, IM:12, 42-9. 

Malt coombs and palm kernel c*ake. two foods of similar analysis, 
but differing considerably in price, are <!omparc*<l in equal quantities in 
feeding trials. 'Fhe results indicate that 

(a) Mult coombs and palm kernel cake art* of alxnit e(|ua] fec?ding value 
for calves and yearling cattle. 

(h) Palm kernel cake is superior to malt coombs for fattening cattle, 
probably to the extent of about 10 per < ent. 

(c) For milk production, palm kernel cake is also somewhat better than 
malt coombs. R.O.D. 

Mineral Requirements of Pregnant Sows. 

It. E. Evans. J. Ayr., 1932, 39. 544-8. 

A suitable mineral mixture for in-pig sows (not having access to 
good grazing) should contain chalk and common salt in proix>rtion of 
four parts of the first to one part of the second. This should be fed 
at the rat<* of 1 oz. per head per day. During Ku tation, about 2i oz. 
of the mineral mixture woidd be required per head daily. 

R.O.D. 

Oats; The Value of — in the Nutrition of Swine. 

II. E. Woodman, R. E. Evans, and A. W. M. KnciihN. J. Ayr. Sci, 
1982, 22, 657-67. 

The results of digestion trials show pronounced differences in the 
extent to w’hich pigs are able to digest oats in varying degrees of fineness 
and emphasise the advantage of grinding oats as finely as possible for 
inclusion in pig ratios. 

In two separate farm feeding trials it has been shown that neither 
tlu' partial replacement of barley meal (lb. for lb.), nor the total replace- 
ment of middlings (also lb. for lb.) by farm ground oats exerted any 
significant disturbance of the rate of live weight increase, or the ec'onoiny 
of food conversion, in the bacon pigs under experiment. R.O.D. 

Pasture; Nutritive Value of, (Vlll) The influence of intensive fertilis- 
ing on the yield and composition of good permanent pasture. 

II. E. Woodman and E. J. I-nderwood. J. Ayr. Sci., 1932, 22, 26-71. 

This investigation was primarily designed to test the effect of periodic 
upplit'ation of sulphate of ammonia on the yield and composition of good 
permanent pasture well supplied with reserves of lime, potash and phos^ 
phate. The results suggest that the improvement of yield brought about 
by the use of soluble nitrogen on permanent pasture of good quality 
may not during the first two seasons of its application be very con- 
siderable. Only when growth is very rapid, as in the early season, are 
the plants unable to secure supplies of nitrogen at a rate consistent with 
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their maximum capacity for building up new protein. At auch a stage, 
therefore, the addition of readily available nitrogen to the soil is 
reflected in a stimulation of the rate of growth. The results suggest 
that a single large dressing of sulphate of ammonia might advantageously 
replace the small dressings applied periodically throughout the season. 

The influence of manurial treatment on lime uptake in the herbage 
is of a striking character, the nitrogen treated herbage actually contain- 
ing slightly less lime than the herbage not receiving sulphate of 
ammonia. R.O.D. 

Pasture; Nutritive Value of. (IX) The influence of the intensity of 
grazing on the yield, composition and nutritive value of pasture 
herbage. 

II. E. Woodman and D. B. Norman. J. Agr. ScL, 1982, 22, 852-878. 

The lengthening of the interval between successive cuts from a 
month to five weeks leads to a definite reduction in the digestibility of 
the herbage. Attention is called to the difficulty which a farmer might 
experience under a five weekly rotational close grazing system in 
securing the uniform grazing down of the huge growth of herbage 
which normally would be obtained during the flush period. To meet 
this difficulty it is suggested that (1) A portion of the pastures might 
be vset aside for cutting instead of grazing, (2) The interval between 
successive close grazings might be shortened during the flush period and 
afterwards lengthened to five weeks again. R.O.D. 

Pellet and Lick Feeding of Stock. 

H. (!. Aston and J. Lyons. A’cir 7jva\and J. Apr., 1982, 44, 260-2. 

The different methods of giving supplementary minerals to stock 
(1) by pellet, (2) by salt powder lick, and (3) by salt blocks, are com- 
pared. Pellet feeding is expensive but there is little wastage ; salt powder 
lick is necessary when phosphates arc used. Where phosphates are absent 
from the mineral supplement, salt blocks are advantageous. 

R.O.D. 


Pigs; Dried Sugar-Beet Pulp for. 

T. vS. Wright. J. Min, Apr., 1932, 39, 111-.’). 

Feeding experiments are dcsc-ribed, <'arried out with Large Whites, 
of an average age of fifteen weeks and an average weight of 54 lbs. at 
the start. The feeding period covered a .spac*e of four months. The 
results indicate that dried sugar-beet pulp, when supplemented by a 
protein food, can be made an efficient substitute for sharps for fattening 
hogs, but should not form more than a fifth of the ration if looseness 
is to be avoided. To eliminate the possibility of digestive trouble, and 
to obtain the best returns, feeding should be carried out thrice daily 
where this food is included. It should be used with care if given to 
pigs under sixteen weeks of age. R.O.D. 

Pig^Feeding; Minerals in. 

C. Crowther and T. S. Wright. J. Min, Agr,, 1982, Sp, 201-7. 

Different minerals were given to three lots of Large White pigs, 
each lot receiving the same basal ration. The average age of the pigs 
at the start was fifteen weeks, and the average weight 55 lbs. Fattening 
lasted over a space of four and a half months. It is concluded that 
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the only mineral suppleinentb required by pigs on a diet of cereals, 
wheat offals and soya numi are lime and salt. The amount of salt must 
he carefully rationed. R.O.D. 

Pig«Feediiig ; The Place of Cod-Liver Oil in. 

A. H. Blissett. Scot. J. A</r., 1982, 15, 4‘26’-29. 

It is ('oncluded from these experiments that even when fed on a 
well balanced ration, pigs reared during the winter months are liable to 
suffer from bone disease, and a small quantity of cod liver oil will help 
to correct this. R.O.D. 

Pig Rations; Lentil Meal as a Protein Supplement in. 

A. W. M. Kitchin. Scot. J. Agr., 1932, 15, 59-62. 

In these experiments ten parts of lentil meal in conjunction with a 

1 ixjr cent, mineral supplement of three parts ground limestone and 

one ]jart salt were used to displace five parts ftsh meal in the lations of 
fattening pigs without any decrease in live weight gain and with a 
considerable reduction in feeding cost. R.O.D. 

Pig Feeding; Use and Value of Barley Meal, Rye Meal and Molassed Rye 
Meal in. 

IIoxcAMP. Tieremahrung, 1982, 4, 1-42. 

The general conclusions from-these co-operative experiments carried 
out with 228 pigs arc quite favourable to the use of rye, provided that 
the average amount given over the fattening period does not exceed 

2 kg. per head per day. dreatly improved results were obtained when 
lo per cent, of molasses were mixed with the rye m(‘al. For farm practice 
it is recomiuciKhxl that in meal feeding rye shouhl not form more than 
one half of the total, whilst where potatoes are being fed the supplement 
of rye meal should not exceed an average of about 1 kg. over the whole 
fattening peri(Ml. If it is desired to feed rye meal more liberally it 
should be mixed with 10 per cent, of raw sugar or molasses. R.O.D. 

Poultry; Mineral Balance Studies on. 

R. H. Common. J, Agr. 6'ct., 1982, 22, ,576-93. 

From the results of calcium and phosphorus balances on laying 
pullets, it is shown that the pullets showed a diminution of the calcium 
atid phosphorus in their droppings over a periotl of about two to three 
weeks before laying, and a correspomlingly increased retention of these 
elements. R.O.D. 

Sheep; The Effect of Lime and Cod Liver Oil on— fed on a Calcium 
deficient Ration. 

D. W. Auchinachie and A. H. H. Fraser. /. Agr, Sci., 1982, 22, 
560-75. 

It is shown that lime and cod liver oil in combination had a greater 
beneficial effect on sheep kept indoors than cither lime or cod liver oil 
alone. In order to obtain normal calcium metabolism two factors are 
required: (1) An adequate supply of lime in the ration. (2) A factor 
necessary for utilisation of the lime fed. 

From the results of this experiment it appears that this factor is 
supplied by cod liver oil and summer sunlight, but not sufficiently by 
winter sunlight. R.O.D. 
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Sheep Grazings; Restoring the Fertility of Scottish. 

.1, B. Orr anti A. H. H. Fuaser. Trans, UUjh, and Agr, *Sur., Scotland. 
1932, 44, iii-S:K 

IVo >(?ars experimental work on an Argyllshire sheep farm are 
ileserihetl, wlierc*. dietary Mippleiiieiits were fed to dillerent groups of 
sheep on tin* same farm under natural eonditions. It is suggested that 
supplementary fef'ding on hill grazings will eventually restore their 
fertility, and that the eost of feeding may be* immediately recovercKl 
in the inereased production of the sheep stwk. R.O.D. 

Vitamin; The Fat Soluble — ^Requirements of Cattle and Pigs during 
Growth, with Remarks on some other Questions as to the Vitamin 
Problem in Cattle and Pig Feeding. 

II. IsAACHSEN. J. Agr. ScL. 1982. 22, 4dO-84. 

These exi^eriinents indicate that calves, heifers and growing pigs 
will not suffer from deficienc ies of fat soluble vitamins when fed upon 
a mixture of varied, natural food stuffs including yellow maize for pigs 
plus common salt and the nec-essary amount of limestone. Pigs are 
more likely to suffer from disorderetl mineral metabolism due to a 
deficieney of minerals in the feed than they are from feeds generally 
considered poor in the fat soluble factors. R.O.D, 


CROPS AND PLANT BREEDING. 


AbHractor : 

r. J. Jknkin, M.Sc., Welsh Plant Breeding Station, Aberystwyth. 

Y Tir aT Gynnyrcb. 

R. Alun Roberts, td. 142. Pris 2s. 6c‘b. 

Dr. R. Alun Roberts needs no formal introduction to Welsh readers 
or to readers of Welsh, since his articles are already well-known and 
appreciated. Since he is, and has been for several years, in charge of 
the Department of Agricultural Botany at the University College of 
North Wales, Bangor, and at the same time has kept in the closest 
touch with farmers and fanning, he is particularly well qualified to write 
upon the subject he has taken in hand. 

The present volume is the tenth in the series “ Cyfres y Brifysgol 
a'r Weriii ”, published by the Press Board of the University of Wales. 
A brief outline of the history of agriculture in Wales, sufficient to 
form a background to a dissertation on the land and its produce, is 
given as an introductory chapter. Thi.s is followed by a discussion of 
the inter-relationship of the plant (or crop) and the soil, while in the 
third, plant growth and its implications is described. 

The remaining chapters deal specifically with the individual crops 
—grassland (including hay), cereals, roots and leguminous plants. Each 
c.rop is dealt with from the practical standpoint and the whole book is 
designed for the immediate benefit of the farmer. 

In a treatise of this kind, it is inevitable that many technical terms 
must be introduced, but this difficulty is overcome by the provision of 
a glossary in which the English equivalents of the Welsh terms adopted 
are given. A useful but not very detailed index is also added. 
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The volume is entirely worthy of its author and of the series to 
which it belongs, since it is readable, reliable in the information it 
conveys, and covers those points which are of direct and immediate 
interest to the farmer. 

The introdu<‘tion of Welsh names for the various herbage plants might 
seem to be unnecessary or even undesirable, but it should be borne in 
mind that even to-day farmers are not as familiar with the English 
names as they are sometimes assumed to be. It is also often forgotten 
that the standardised English names are mainly artiticial and date only 
from the middle of the eighteenth century, while their Welsh c<|uivalents 
were available early in the nineteenth. It is to be regretted, however, 
that where technical terms or unfamiliar words were first intrcxliu-cd in 
the book, a footnote dirwtirig the reader’s attention to the glossary has 
not been provided at the bottom of the page. This glossary is not as 
i-oraprehensive as it might have been, but Dr. Roberts obviously did not 
realise that such words as CVmegwr ” and “ crawcw<*llt ** woukl be 
unfamiliar to many rea<lers. The book makes delightful reading for the 
man who <*an take it more or less in his stride, but may it be suggested 
that even at the <-ost of marring its fine literary flavour the use of 
wor<ls whicdi are only familiar within a limited area might have been 
supplemented by their cxjuivalents in brackets. Such words as *' blew- 
geirch “ myllt “ suntur “ codau ” (for nodules), and. strange 
as it may seem, even “ bnrrug ** and “ pryfcil genwair arc quite 
unfamiliar to the man of Dyfed, who, on the other hand, would certainly 
use “ yr nil lin ” in preference to “ yr ail hatsied 

At times also, literary composition appears to lead to some obscurity. 
Thus, the method of seed pnahiction in grasses- bwrw ha<l *' -might 
have l>een better explained, while two different passages give the 
erroneous impression that indigenous grasses come into flow^er «‘arlier than 
their commercial counterparts. 

Fortunately the statement (regretfully made) that “ Hen ('tymro*' 
wheat has disappeannl might have l)een omitted since it is still consider- 
ably grown in parts of Cardiganshire and Carmarthenshire. 

Since a brief statement is made con<*erning old oat varieties in 
Wales, the old “ (’eirch-du-bach might well have been included. 
However recent the introduction of this variety into south-west Wales 
may have been, it was certainly well known far in advance of Tartarian, 
and the latter, at least in some districts, completely failed to supplant it. 
Much of the former “ Ceirch-du-bnch ” area is now, however, under 
Radnorshire Sprig — another variety, whatever its origin, to which 
allusion might have been made. While on this subjwt, it may be added 
that a thin sprinkling of vetches was often found in Ceirv^h-du-bach ”, 
a fact which possibly made a considerable improvement in the crop for 
fodder purposes. 

Tlie present-day Welsh farmer does not escape entirety iins(‘athecl, 
but he will be the first to realise that a few scattered sarcastic allusions 
are the expression of an intense desire to see the farms of Wales again 
wearing that prosperous appearance which personal devotion to the lanil 
and its crops alone can give. 

The apparent defects which are noted above, although they call for 
brief mention in a review, are actually very trifling in comparison with 
the real merit of the work as a whole, and the book is certainly one that 
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every Welsh-reading farmer should possess, read and ponder over in 
order that he may add substantially to his own pleasure and profit. 

For those who wish to pursue the subject further, extremely useful 
notes on books and periodicals are given. T.J.J. 


HORTICULTURE. 

Abstractor: 

W. H. Broaiiuknt, Welsh Department, Ministry of Agriculture. 

The H.E.A. Year Book, 1932. 

The Annual Publication of the Ilorii<*u]turul Education Asso<*iation, 
Royal 8vo., 9*2 pp., .•!/(», post free. Published by the Horticniltural 
Education Association, Hon. Editor, R. T. Pearl, B.Sc., A.R.P.S.. 
D.I.C., South-Eastern Agricultural C/Ollege, Wye, Kent, I)e<*eiriber, 
1932. 

This is an excellent publication w’hich, as stated by the editor, 
“ ought to do much to enhance the prestige of the Association A 
glance at the contents shows a coinpreh(‘iisive list of articles oy men 
who are engaged in various branches of horticultural eilucation. The 
contributors include Mr. H. V. Taylor, who deals with the effect on 
commercial horticulture of the imposition of duties on imported produce. 
Dr. W. F. Bew'ley whites on “ Some recent developments in delation to 
Glasshouse Crops ; the pracrtical results of soil experiments, and the 
methods of controlling certain plant diseases are given. Mr, H. W. 
Abbiss gives an account of ’* Commercial Horti(‘ulture in Cornwall 
Mr. D. Boyes treats on the subject of Vegetable Breeding ** : the diffi- 
culties encountered in the breeding of Brassicae are mentioned, and an 
interesting story of the raising of new and promising varieties of 
Bnissels sprouts is related. 

In addition, there is a number of informative articles by other 
eminent workers, but the above will suffice to indicate the scope and 
importance of the .subjects dealt with, and to make it apparent that 
the book should be in the hands of every person who is interested in 
problems affecting horticulture. W.H.B. 


LIVE STOCK. 

Abstractors : 

Professor R. G. White, M.Sc., University College, Bangor; A. D. 
Buchanan Smith, M.A., B.Sc., M.S.A., F.R.S.E., Department of Animal 
Genetics, University of Edinburgh; T. J. Jenkin, M.Sc., Welsh Plant 
Breeding Station, Aberystwyth. 

Gestation Period of Holstein^Fresian Cows; A study of the. 

J. C. Knott. J. Dairy Sci,, 1932, Vol. 15, No. 2, pp. 87-97.. 

The data used in this study were obtained from three pedigree 
Holstein-Friesian herds in the state of Washington. The figures are 
based on 2,910 gestation periods. Seventy-eight of the animals included 



Live Stock, 


271 


were Grade Holst eins. £iglity>six cases of twins were bom and were 
considered separately in the presentation of the data. The length was 
found to vary from 262 to 296 days. Seventy-five per cent, of the calves 
were dropi>e<l from 275-285 days inclusive. Only 1.7 per cent, "were 
c*arrieil for periods shorter than 270 and 2.7 per cent, for periods longer 
than 290 days. Male calves were curried on an average one day longer 
than female calves. As the age of the dams increases from two to 
six years the length of the gestation period increases by approximately 
one to one and a half days. After six years there seemed to be a 
tendency for the gestation periods to bec'ome slightly shorter. 

The gestation i)eriods of calves sirecl by some bulls were definitely 
higher or lower than the average, indicating by their uniform divergence 
from the mean the possibility of paternal influence. I’he least variation 
in the length of gestation observed for twenty-nine conrs that had each 
produced six or more (halves was six days. The greatest was tw’enty days. 
Some cows were quite* uniform as to the length of their gestation periods 
while others varied w'idely. Eleven exceptionally high producing cows 
Avere carried in dam an average of 278 days, or about one and one-half 
days less than the average for all females. The periods varied from 
262 to 289 days. In comparing the gestation periods of the above cows 
with the gestation periods of the c*ah’es they produced, it was found 
that four of the eleven cases showed a decided tendency for the calves 
of a cow to have gestation periods similar in length to her own. 

A.D.B.S. 

Cattle Classes in the Carcase Competition of the Smithfield Club, 1895- 

1929. 

K. J. Robehts. J.K.A.S./5., 19»31. Vol. 92, 

This account follows a similar analysis of the Sheep Classes in the 
same competition which was published in the J,R,A,S.E, for 1980, and 
was noticed in the last volume of this Journal. Again the results are of 
special interest to Welsh breeders because the Welsh breed has figured 
much more prominently in the Can*ase comi>etition than many of the 
breeds better known to the outside world. The exhibits have been mostly 
Cross-bretls, Aberdeen Angus, Galloway and Welsh. Taking the period 
as a whole, Cross-breds, lUe type most numerously represented, have 
gained most first prizes, but in the last ten years Galloways have won 
most of the championship and first prizes in classes other than the “ baby 
beef ” class. In the latter class an Aberdeen Angus-Shorthom cross 
has been the most successful. Welsh cattle won the first prize in the 
old bullock class on five occasions and in the young bullock class at 
three shows. 

As in the case of sheep, the carcases exhibited in recent years have 
been of less weight than those in the earlier years discussed, but the 
reduction — 8 per cent. — is much less than in the case of sheep, where 
the reduction w’as from 20 per cent, to 30 per cent. In the ten years 
ended 1980 the first prize carcases averaged 801 lb. for steers under two 
years, 916 lb. for steers between two and three years, and 785 ib. for 
heifers under three years. The greatest reduction in the size of carcases 
took place before 1900. The proportion of carcase to live weight from 
1920 to 1980 varied between 68.2 and 68.9 except in the baby beef class, 
where it averaged 60.8. The proportion of carcase was lower in recent 
years than in the earlier years. It is interesting to note the difference 
--about 20 per cent. — between the live weight of animals shown in the 
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“ live classes of the show and the weights of the corresponding animals 
shown in the carcase class. The difference is presumably due to either 
excessive fatness or size of the former, and raises the general question 
of the utility of the ordinary fat sto<*k show. There can be no doubt 
regarding the great value of the carcase competition. R.(i.W. 

Dentition of the Pig. 

C). CiiARNocK Bradley. Trans Highland and Agr, Soc, of Scotland ^ 1932, 
An examination of 670 pigs iindc'r one year old showed great varia- 
tion in the age at which teeth appeared. The following were the periods 
of eruption of five lower teeth : — , 

First true molar. From I.*) 5-7 to 26 8-7 weeks, t.e., a range of nearly 
eleven weeks. 

First premolar. From sixteen to forty-two weeks, and frequently absent 
altogether. Its eruption is therefore held to be of no value as an 
indication of age. 

Third, or Corner Incisor. From 27 1-7 to 40 4-7 weeks, i.e., a range of 
more than thirteen weeks. 

(fanine or Tusk. From thirty-four to fifty-two weeks (probably more). 
Second true molar. From 40 3-7 weeks to 49 weeks. 

It is therefore concluded that it is impossible to ascertain the age 
of pigs with any satisfactory degree of <‘ertaiiity from the state of the 
teeth — at any rate up to twelve months. This finding, which conflicts 
with that of other investigators, is olniously of importance both to 
breeders and to societies which frequently lay down regulations regard- 
ing dentition for animals exhibited at shows. ' R.fl.W. 

Fat-Globule Size in Milk; A Study of the. 

M. H, ('AMi'HErJ.. Vnir. Vermont Agr. F.rp. Sta, Hull., 1932, .Til. 

'riiis is a complete and painstaking review of the whole subjeid 
which includes some useful additional observations which have been 
made by the author. 

Enviroiniientui factors were fouiul to Jiffect the size of the fat -globules* 
in milk. Injury, sickness and snd<lt*n cluingcs of condition prmhu-ed 
a marked increase in the fat-globule size. Changes of feed in some 
ceases caused an increase in size and in some rechiction, while in others 
it had no apparent effect. Feeding of grain as (‘omt)nrcd to grass or 
the substitution of silage were without ett'ect. 

The fat globules are usually largest during the first two weeks of 
the lactation with the most rapul rate of decline o<*curring during the 
next two months. Thereafter the decline of th(‘ rate in size is alow 
but usually continuous to the end of the normal lactation pericnl. 

From the evidence available, there is no doubt that the size of 
the fat globule is primarily conditioned by heredity, and a number of 
fac tors appear to be involved in its transmission. 

There is a significant difference betw^een the means of the (Miernseys 
and Holsteins and between the Guernseys and certain cross cattle whose 
milk was also analysed in this respect. A.D.B.8. 

Heat Coagulation of Milk. 1 : Variations in the Compositions, Heat 
Stability, and other Tests of Milks from four Cows during the 
Lactation Period. 

George E. Holm, B. H. Webb, and E. F. Deysher, J. Dairy Set., 
1982,, Vol. 15, No. 4, pp. 881-48. 

The problem of the coagulation of milk by heat is an important 
one, and one about which we may expect to hear more in the near 
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future. Although the present authors worked on the milk of only four 
cows, they found that each of the individual milks retained fairly 
constant values in many of the tests, and that each value was character- 
istic for each cow. 

Further investigation would appear likely to show that there is a 
genetic origin for this important difference. A.D.B.S. 

Inheritance of Hernia. 

T. R. Wahiikn and F. W. Atkesos. J. Hered ,, 1931, Vol. 22, No. 11, 

pp. 345-52. 

Several calves with umbilit'al hernia were noticed in two herds of 
pure bred Holstein-Fresian cattle in whi< h the same bull had been used. 
This made the authors examine the whole subject, and they state that 
there is evidence as to the inheritance of hernia in the human being, 
in the pig, horse, dog, sheep and goat. 

The data presented in this paper were calculated from three herds 
which containetl animals related to the sire already mentioned. Tw'enty- 
one herniated calves were observed, all of common breeding. The type 
of the hernia is closely described, but as to the mode of its inheritance 
the authors state that they are not yet in a position to draw definite 
conclusions. However, it appears to be inherited in a relatively simple 
Mendel ian manner which docs not appear to be transmitteil in a sex 
linked manner, though there is reason to believe that it is conditioned 
by sex. The writers state that umbilical hernia cannot be a serious 
problem in the breeding of dairy <*attle or it would have been more 
universally present and recognised than seems to be the case. On the 
whole, the evidence would show that hernia behaves as a dominant 
character in males but that for females the mode of its inheritani e is 
questionable. A.D.B.S. 

Inheritance of Milking Capacity. 

Kaiil Mad.sen, Nature, Jan. 3(). 1932, pp. 165, 166. 

With a view to studying the importance of different bulls as 
measured by the production of their progeny, the author correlated the 
yields of the daughters of a large number of bulls of the Red Danish 
breed to the yields of their dams and grandams and to the yields of 
the daughters of their sires ami grandsires. He has worked with a 
fairly large number of animals. In most cases there wore over five 
hundred bulls correlated to a particular ancestor, and the average 
number of daughters to each bull was eighteen. The yields w'ere 
corrected for age, etc. He finds a highly significant differen»*e between 
the correlation figures of the bulls to the yields of their grandams, that 
to the paternal grandam being practically nil, while that to the maternal 
grandam is significant. This is in distint'tion to the correlation of the 
yields of cows to their paternal grandams, which are as high as to 
their maternal grandams, but it is in accord wnth the view that some of 
the factors governing the inheritance of milking capacity are trans- 
mitted in a scx-Iinked manner. A.D.B.S. 

lahcritanew of Wkoria in tho Hair of Swine. 

J. E. Nordby. J. Hcred., 1982, Vol. 23, No. 10, pp. 897-404. 

The whorl in the hair of a pig is in this country often called a 
“ rose If a pig has it, as often as not it will be found on the rump 
along the spinal column. It may, however, occur on the neck, the 
loin, the under line or the head of the pig. 
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For some time it has been recognised that this rose is definitely 
of a hereditary nature, but the mode of inheritance had not been 
properly “ taped ”, The point which has proved a stumbling block 
to many investigators is that, while pigs without a rose can give progeny 
with a rose, it does not always hold good that two pigs each with a 
rose mated together will produce progeny all of which exhibit a rose. 
Dr. Nordby explains this phenomen on a basis of the effect of two 
dominant pairs of factors. Each of these factors must be present in the 
heterozygous or the homozygous condition before the whorls are produced. 

In order to eliminate this defect, the writer states that it impera- 
tive to discard both the sire and the dam of the pigs that have whorls. 
When a smooth haired boar mated to a smooth haired sow sires pigs* 
with whorls, the boar is often given the blame for producing the whorls. 
As a matter of fact he is probably not more responsible than the sow, 
quite irrespective of the fact that these sows when mated to another 
boar might never have given any progeny with whorls. The writer 
strongly advises discarding from the breeding herd all the sows and most 
certainly all boars that have got whorls. He also states that it is 
almost as important to remove with equal diligence sows an<l boars with 
smooth hair that have produced progeny with the rose. 

A.D.B.S. 

Malformation in Icelandic Sheep. 

ZuPHONiASSON. Nordi Jordbruksforsk, 1980, No. 4, pp 827-30. Aba. in 
Quart. Bull.f Vol. 2, No. 5, pp. 118, 119 of the Imperial Bureau of 
Animal Oenetics. , 

The writer describes two types of malformations. In the first the 
skull is large but the upper jaw is compressed, the nostrils lying close 
to the mouth, while the lower jaw is always shorter than the upper. 
The fleece is short and straight and a nak(‘d .strip runs across the belly 
from the chest, and this is usually accompanied by a small hernia. 
The lambs are usually born alive but cannot staiul up owing to the 
bending of the feet and can only ci’awl on their knees. They die soon 
after birth. This defect has been trac-ed to u prize ram whose daughters 
were mated back to him. 

The second condition consist.^ of paralysis of the new born lambs. 
They drag their hind legs and hardly swallow, and have a look of 
imbecility. By careful management they can be kept alive. A similar 
condition may be due to deficiency in nutrition, but that described 
here appears to be clearly due to a hereditary factor. Both causes 
appear to be inherited as simple rec-es.sives. A.D.B.S. 

Milk Secretion ; The Influence of Age on First Calving on. 

C. W. Turner. Misa, Res. Bull., 1982, 164. 

This is in many ways a confirmation of the work which M’Candlish 
did regarding the most economic age at which to calve Ayrshire heifers. 
It will be recalled that M'Candlish found this to be two years and six 
months. Dr. Turner’s study extends over four breeds, Ayrshires, 
Jerseys, Guernseys and Holsteins. He points out that the increase in 
milk and fat production in heifers calving after thirty months of age 
in all these breeds is practically negligible. In other words, every 
heifer remaining unproductive at thirty months of age' or over is being 
maintained at a loss not only of the maintenance cost and of the 
investment of the animal but in the productive life also. Yet he 
shows that 48 per cent, of the Ayrshire cows calved after thirty months 
of age. 
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This study clearly reveals a significant increase in milk and fat pro- 
duction if (‘alving was delayed till the animal reached thirty months 
of age. The results seem to confirm the theory that this increase in 
milk and fat production owing to the delay in the time of first calving 
is due to growth in body weight. Increase in yearly fat production is 
about 20 lbs. per 100 lbs. increase in body weight. The youngest heifer 
included was a Jersey which calved at thirteen months. The youngest 
Cruernsey calved at sixteen, while the youngest Ayrshire and Holstein 
Friesian c*alved at seventeen months. As to w'hether, under certain 
circumstances, it would be advantageous for heifers to calve down for 
their first time at under thirty months of age depends to a great extent 
upon environmental conditions. As it is, the difference in age at first 
calving between the four breeds shows very little variation. What 
stands out clearly is that nothing could be gained by delaying the 
calving of dairy heifers beyond thirty months. A.D.B.S. 

Mule; A Fertile. 

Ernest Warren. .Va/arc, Jan. 23, 1932, p. 130. 

It has n<iw been fairly well established that there are occasional 
nniles which are fertile, and the few cases known w'ould seem to show 
that a fertile mule may produce offsj)ring by either a stallion or by a 
jack. Here is reixirted an indisputable <‘ase of fertility in a mare mule. 
Her first foal born in 1924 was probably by a stallion and was practically 
indistinguishable from a pure horse. After an interval of seven years, 
although during that period she had been repeatedly served, she foaled 
again in November, 1931. In the present foal the characters of the 
horse appear to be remarkably prepotent over those of the mule just 
as was reported in the case of the first foal. A.D.B.S. 

Multiple Births in Schleswig-Holstein; Herd-Book Records. 

T. Marwitz. Dissertation, Leipzig (Ziuhtungskunde), 1930, Vol. vii, 
pp. 62, 63. 

'Hie author analysed the herd-books of the Black Pied, Red Pied, 
Angeln and Shorthorn cattle in Schleswig-Holstein. The average per- 
centage of twinning, irrespective of breeds, was found to be 0.52. 

The Shorthorns gav(T the highest percentage of tw’ins, and the Pied 
breeds higher than the Angeln. The differciu'e between the Red and 
the B!ack breeds is not significant. The author sees indication of 
inheritance of twinning in that twin births recur in the same <*ow or 
the same family. There does not appear to be any influence on the 
[lart of the sire on inheritance of twinning. A.D.B.S. 

Sex Ratio and Multiple Birtkc in Cattle. 

IvAU JoHAN.ssoN, l.’ltuna Agricultural College, Uppsala, Swetlen. Zeit, 
/. Zucht. Rcihe R. Tier uml Zucht. Einsrhliofslich Tierernahrung, 
Band XXIV, Heft 2, pp. 183-266. 

The frequency of multiple births is to a great extent a breeding 
characteristic. Twins are commoner amongst the Swedish Friesians than 
among the red and white cattle or the Swedish Landrace. They would 
also appear to be commoner in dairy than in beef breeds. 

The age of the mother has a pronouiu'ed effect on the tendency to 
multiple births which increases up to the age of about eight or nine 
years. The age of the bull at the time of mating seems to be of no 
importance in thia respect. 


6 
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In the Swedish and Finnish breeds of cattle there is a sigpnificant 
variation in the frequency of multiple births. Two yearly maxima are 
observe<l; one in the months of June and July and another in December 
and January, the second being less pronounced than the first. The 
seasonal variation in twinning is held to be due principally to climatic 
conditions which affect the number of ova which the cow may shed. 

The writer comes to the conclusion that the quality of the feed 
affects the fertility of the cows but has very little to do with the 
(jucstion of twinning, whereas the quantity of the feed may, on the 
other hand, have a certain influence on multiple births. Several 
instances are given which show the inheritance of twinning, 

A.D.B.S. 


Soft Curd Milk. 

R. L. Hill. Bull, 2t7 ^ Utah Agr, Exp, Sta,, 1981. 

Dr. Hill is the human nutritionist at the Utah Agricultural Experi- 
ment Station. Having formed the opinion that the softness of the curd 
was a prime factor in the digestibility of milk by babies, he proceeded 
to investigate this characteristic so far as it concerned individual cows. 
In this paper is described the methods which he employed. Dr. Hill 
found a wide variation in the curd character of milk from different 
cows from the same breed as well us certain differences between breeds. 
He found that the milk produced during the first month of a lactation 
has usually an abnormally hard curd but that this docs not apply to the 
colostrum. The hard curd remains for a period of a little over a, month. 
At the same time Dr. Hill does not imply that a soft curd cow neces- 
sarily gives hard curd milk during this period. He thinks that the milk 
secreted by such a cow would be higher in its curd function immed- 
iately after calving than during the remainder of the lactation period. 
Towards the end of the lactation the curd again becomes somewhat 
harder, though in a few instances it becomes softer. 

But all environmental causes appear to be overshadowed by the 
genetic. Dr. Hill ran the curd test on the dairy cows at his experi- 
mental station for over a period of ten years. In every case it appeared 
to be an individual characteristic of the cow. Except for very sudden 
changes in the diet, the curd character of the milk is independent of 
the nature of the feed given. Neither was soft curd associated with 
low butter fat content, though the writer states that milk with a curd 
test of less than 20 grams (which is extraordinarily low) is usually 
decidedly low in fat content. Although on the contrary he found some 
cows giving as high as 6 per cent, butter fat which had a curd test 
below this point. 

The evidence which Dr. Hill puts forward in this bulletin so 
impressed the breeders of Ayrshires that steps have been taken in the 
United States for making soft curd tests on a large scale. The results 
of these are to be found in the Ayrshire Digest for July and August, 
1982, and in the Ayrshire Journal for September, 1982. In the latter 
periodi(!al is to be found a comparison of the curd tension of the 
Ayrshire with other dairy herds. The Ayrshires included 915 individual 
cows in twenty-five herds, and the tests were conducted at the Standard 
Fat Testing Laboratory of the Baird Laboratories. The evidence would 
indicate that the Ayrshire breed contained a larger proportion of soft 
curd cows than did any of the other breeds tested at the Utah Experi- 
mental Station. 
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Dr. Hill concludes his bulletin by citing case histories of babies 
fed on soft curd milk. In two cases the baby was reared from birth 
exclusively on soft curd milk. It would appear as though this new 
grade of milk were likely to be of considerable importanc*e, and already 
arrangements have been made in various parts of the Tnited States for 
the sale of this particular product. The value of soft curd milk, Dr. 
Hill states, is not confined to infant nutrition alone, in cases of adult 
indigestion and gastric ulcers it has been used with remarkable results. 

A.D.B.S. 


Superfoetation in the Ewe; A Case of. 

(\ E. Aitkel. J. Hercd.y Vol. 2;3, No. 4, 1932, pj). I;)9. 100. 

C’ases of superfoetation in mares, t-ows, and sows have been frecpiently 
reported. In America few cases in the ewe have been noted. The 
writer gives particulars of a Shropshire, ewe which produced a lamb on 
December 2.'jth, 1930, another on May .5th, 1931, and two more on July 
2.5th, 1931. All the lambs were normal. The last two lambings are clear 
evidence that the ewe was successfully mated when already in lamb. It 
is impossible to be certain whether the birth on December 25th and May 
.)th, at an interval of 131 days, represents another case of superfoetation 
or not. R,G.W. 

Udder Abnormality in Cattle; An Inherited. 

Edwin E. Heizeu. J. Hcred., Vol. 23, No. 8 , 1932, pp. 111-4. 

This abnormality has been reported from Ohio State University. 
On one side the udder of the cow is normal, but on the other side, 
usually the left, only one quarter with one teat is present. It is very 
objectionable and materially affects the usefulness of the cows. Such 
animals are difficult to milk and consequently the owners have used 
them for nursing calves. The left half of the udder is nearly as large 
and almost the same shape as the right half. The character has been 
found only in Guernsey cattle, but there is reason to believe that Dr. 
(/. W, Turner, of Mis.souri, has also found it in the Hereford breed. All 
the cvidein’e points towards its being inherited as a simple Mendelian 
recessive. The factor is of great economic importance to breeders in 
dairy cattle as, due to its recressive nature, its presence may be dissemin- 
ated throughout an entire herd before an abnormal individual appears. 
Special attention on this point should be paid to the selection of bulls. 
The writer recommends that the best way to stamp out this undesirable 
factor would be for the breed associations to insert a clause in their 
registration requirements which would prevent registration of individuals, 
either male or female, which did not show normal udder or rudimentary 
development. 

It is certainly a point against which breeders in this country must 
be on their guard. A.D.B.S. 

Vitamin A Content of the Milk of Holstein, A3rr8hire, Jersey and Guernsey 

Cows. 

H. P. Davis and I. L, Hathaway. Agr. Exp. Sta. Nebraska Res. Bui., 

1981, 54. 

I'll is investigation appears to have been conducted in an adequate 
manner. The Vitamin A content of the milk was assessed by comparing 
the growth produced by 560 rats, receiving milk from the Holstein, 
.Ayrshire, Jersey and Guernsey breeds as their only source of Vitamin A 
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Nejjative controls received tlie Vitamin A supplement of free diet and 
positive controls a one-tenth of a cubic centimeter of cod liver oil daily. 
The results showed some slight irregularity, but when these differences 
were considered in view of the individual variation of the experimental 
animals, they appeartsd negligible. Tliis conclusion was substantiated by 
a statistical examination of the data. The authors find that under the 
conditions of their experiments, the difference in the Vitamin A (*ontent 
of milk from these four breeds of cattle is insignificant. A.D.B.S. 

Yearly Feed Cost and Butterfat Production in Dairy Cattle; T|ia 

Functional Relation of. 

R. E. Hodgson. 1932, J. Ooiry /Sci., Vol. 15, No. 3, pp. 212-9. 

The yearly butterfat production of dairy cows is regulated and 
influenced by a number of hereditary and physical factors. The ability 
of an animal to produ(*e a large amount of butterfat in a year is inherited 
but unless the [)hysi<‘ul factors involved are adequately provided, 
maximum production cannot prevail. The purpose of the present paper 
is to determine the extent to which it paid to give the cows additional 
feed. 

The writers obtained a high correlation of practically .6 between 
increased yield and increased cost of protluction. In other words, the 
cost of producing 1 lb. of butterfat decreased as prodiudion increased. 

A.D.B.S. 

Magu a Phorthi Anifeiliaid. 

J. Jones Griffith, td. 111. Pris 2s. 6ch. 

1'he only regret that one feels after reading this volume is that 
Profes.sor (Triffitli has not hitherto contributed more extensively to Welsh 
(and English) literature, since his <*apacity for lucid exposition, so well 
known to those who have heard him in the lecture room, is here seen 
to be equally demonstrated in the written word. With this, we find in 
this fourteenth volume published by the Press Board of the University 
of Wales, an intensely sympathetic attitude towards the Welsh farmer 
in these difficult times, and a full understanding of the farmer’s stand- 
point. Indeed, we would almost consider that at i*ertain points his 
candour tends to be excessive, particularly where he admits that experi- 
ence has taught the farmer things which are obviously true but for 
which he can offer no satisfactory explanation. This attitude can easily 
be explained. Professor Griffith has behind him that early training as 
a farmer that leads inevitably to it. He is also the true scientist who 
is not afraid to admit that things wdiich cannot be explained may yet 
be perfectly true. 

No apology was required for including the two introductory chapters, 
the one dealing with the principles of breeding and the other with the 
princ‘iples of feeding. Both these are essential in order that the full 
significance of what follow.s may be clearly understood. In the remaining 
chapters the author deals separately with cattle, sheep, horses and pigs, 
and shows how those principles explained in the introductory chapters 
have a direct application to the practical breeding, feeding and manage- 
ment of livestock. A useful and comprehensive bibliography is added, 
together with a glossary of somewhat unfamiliar terms. 

As a naturalised Mid-Walian, with a Lleyn and Eifionydd back- 
ground and a close association with Dyfed, Professor Griffith has suc- 
ceeded wonderfully in the adoption of a style and v(X*nbulary which 
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rarely lead to verbal difficulties or obscurity, and quite possibly he 
may have, on occasion, chosen the word which is more familiar to the 
South-Walian than to oth<*rs. In most cases, however, words which 
may be stranf>’e to a section of his readers are explained either in the 
glossary or by means of equivalents in brackets. Here again it is to be 
regretted that a footnote has not been inserted on that first page where 
a word that is explained in the glossary CK^curs, directing the reader’s 
attention to it. Very wisely, the author has taken pains, in the difficult 
matter of the descriptive nomenclature of sheep, to give a full explana> 
tion in the text, so that the reader then knows exactly to what class 
of sheep he refers at every i)oint. 

Misj)rints are few and, as a rule, quite unimportant, but unfortunately 
a serious mistake has been made on p. 17. The uninitiated might easily 
ac< ept the word “ ymwanha ” as “ ymwaliana ” — a word which gives an 
entirely different significance to this important paragraph. The exact 
meaning of one paragraph on p. ;17 seems to be obscure, but the book 
as a whoh' is remarkably easy to read despite the intriKluction of many 
terms which are unfamiliar to Welsh readers. In i>articular, the success- 
ful treatment of the princijjles of breeding in the first chapter must 
be es[)ecially mentioned since here Professor Grifiith is breaking new 
ground. The words use<l show very clearly how well the Welsh language 
can meet the occasion when new terms are being introduced. Some, 
such {»s *' genoteipaidd ** art* both ugly and cumbersome, but not more 
so than their English etjuivalenis. 

The inclusion of a section on (>alton‘s Law is justified on the ground 
that it must impress upon the reader that it is not only the immediate 
partmts which must be considered in a breeding pt>licy. although in its 
tletails it still remains more of a th<*ory than an establishetl law. 

A trifling point is the n(‘ed for even a greater measure of uniformity 
of words and terms in different volunu's of the same series. Dr. Alun 
Koberts, for instance, in “ Y tir a’i gynnyrch uses the word “ pupys ” 
whereas that used by Professor C'»riffiths is “ fi'acbys ”, Again the former 
refers to ** blawd yr India ”, while the latter, in referring to the un- 
ground grain, uses *’ India-corn 

If the two volumes of “ Cyfres y Brifysgol a*r Werin ” here briefly 
reviewed meet with anything like the acceptance they obviously deserve, 
it may confidently be expected that the farmer who, in his distress 
has turned to barbed-wire, cattle-dealing and bargain-hunting, may once 
more be found taking pride in his well -cared- for fields and livestock. 

T.J.J. • 


PLANT PATHOLOGY. 


Abstractor : 

T. Whitkheai), Pii.D., M.Sc*., A.R.C.Sc., I'niversity College, Bangor. 

American Gooseberry Mildew; Control of — in Northern Ireland. 

A. E. Mitskett and E. TnWNKK. J. Min. Agr. North. Irclami, 19.31, iii. 

After edght seasons’ work the conclusion is reache<l that this disease 
can be controlled in a satisfactory way by two a]iplication8 in summer 
of (1) ammonium i^olysulphide spray, 1 in 200 plus i lb. soft soap per 
100 galls, of spray (costing 15s. 6d. per 100 mature bushes); or (2) a good 
ground sulphur dust or flowers of sulphur at the rate of 20 lb. per 
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300 bushes ((‘osting 32s. per 300 bushes); or (3) lime-sulphur, 1 in 100 
plus 1 gall, skimmed milk or 4 galls, flour paste per 100 galls, of spray 
(costing 11s. j)er 100 bushes). Amber and other varieties liable to sulphur 
injury should be sprayed in February with eaustic soda (2 lb. per 
10 ga'ls.) plus 3 gall, skimmed milk per 100 galls, of spray (costing 
19s. 6d. per 100 bushes). T.W. 

Apple Scab control in the Bristol Province; Field Trials, 1930. 

K. W. Marsh. J. Pom. and Hort. Set., 1981, ix, No. 1. 

Excellent control of apple scab was obtained when the trees were 
sprayed at the “ green flower “ pink and “ petal fall stages, 
though less effective control resulted when the first spray was applied 
before the green flower stage. The exposure of vaselined slides demon- 
strated that the sole source of infection in the experiments during 
April and May, 1930, consisted in the pustules present on the wood. 
Additional evidence pointing to the importance of scabbed wood as a 
s<jurfe of i>riniary infection in the spring was frequently obtained in 1980 
by noting the proximity of the leaves first scabbed to the active scab 
pustules on the twigs. The writer considers that the American view 
of the importance of over-wintered leaves in initiating attack in spring 
should not be accepted without further examination as necessarily apply- 
ing equally to Great Britain. T.W. 

Apple Scab and Apple Mildew; Further studies at East Mailing. 

M. H. Mooni:. J. Pom. and Hart. ScL^ 1982, x, No. 4. * 

The conclusions in regard to scab control on Cox’s Orange Pippin 
confirm, in the main, previous findings. Although Bordeaux mixture 
proved the best “ scabicide ” it showed certain economic disadvantages 
in the tendency to cause spray injury and its inefficacy against red 
spider and mildew. Lime-sulphur gave very good control of scab, 
mildew and red .spider, cspe<'ially when applied three time.s — once before 
and twice after blossoming. It caused fruit-drop only when used, post 
blossom only, at 1 in 100 .strength. In spite of fruit-drop, these trees 
did not suffer reduction in picketl crop below that on comparable 
Bordeaux-sprayed or control trees. Where a pre-blossom lime-sulphur 
spray was used with or without post-blossom applications, much greater 
crops were picked than from any other comparable trees, as in other 
years. It is also shown that, in the main, certain rootstocks promote 
greater scab-susceptibility than others in Cox’s, but that such influence 
is governed to some extent by seasonal factors. 

The results of spraying for apple mildew control on Cox’s Orange 
Pippin and Belle de Boskoop in 1929 and 1930 are discussed. Lime- 
sulphur was .shown to be the most effective spray of those tested on 
the former variety, Bordeaux mixture and colloidal sulphur proving 
rather unsatisfactory. Weak lime-sulphur (1-150) with gelatine (0.1 per 
c ent.) compared favourably w'ith tlie stronger spray (l-KX)) wdth arsenate 
(0.4 per cent.) but without gelatine, when applied twice, post-blossom. 
On Belle de Boskoop, soda-soap solution (20-10-100), lime-sulphur (1-100> 
and a .sulphur dust, respectively, gave the best results. All were applied 
twice, pre-blossom. Soda-soap solution was harmful in 1929, and lime- 
sulphur in both years proved unsafe, each spray causing fruit drop. 
Sulphur dust should be used with caution, as it was of doubtful safety 
in 1929, although no damage resulted in 1980. Colloidal sulphur (0.4 per 
cent.) with gelatine (0.1 per cent.) was not satisfactory. Previous evidence 
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in these trials of the influence of root-stock on mildew-susceptibility was 
confirmed in 1929 and 1980. Cox’s Orange Pippin trees on No. 1 stock 
were pre-eminently susceptible, while those on Nos. XVI, IV, and XV 
were resistant. T.W. 

Celery DiscMises; Investigations and Control. 

H. H. Stirrup and J. W. Ewan. Mm. of Agr. and Fish, Bull, 1981, 25. 

A root rot, caused by Pythium artotrogus is described as the chief 
seeilJing disease of celery in the Isle of Axliolme, north Lincolnshire. 
Good control may be obtained by soil disinfection with formalin at the 
rate of 2 to 4 pints per square foot. Both seedlings and adult plants 
are attacked by Phoma apiicola, which infects the region just below the 
collar. This disease is to some extent seed-borne and is partially con- 
trollable by seed treatment with formalin or mercuric chloride. The two 
distinct types of leaf spot (Septoria apii) are described, and it is stated 
that the standard seed treatments are only partially successful, living 
sjjores being obtained from infected seed after immersion in dilute 
formalin. The best results were given by soaking the seed for periods 
up to twenty-four hours in 4() per < ent. formaldehyde at a dilution of 
] in -kK). The results of five years’ spraying and dusting experiments 
showed that home-made Bordeaux mixture gave the best control of leaf 
spot, the net increase due to spraying in 1928 being estimated at £45 
Hs. 9d. per 1,.500 bundles (i.c., one acre). In 1927 sprayed celery (100 
bundles) realised 30s. in the market as compared with 10s. for unsprayed. 
(Commercial quantities of celery seed free from infection by the leaf 
spot fungus have been obtained by the use of carefully selected seed 
and regular spraying of the plants during their two years’ growth. 

T.W. 

Commercial Seed Potato Production; Virus Diseases in relation to. 

T. WiiiTKiiEAi), J. F. Currie, and W. M. Davies. Ann. Appl Biol, 1982, 

xix. No. 4. 

Under a scheme begun in 1927, and supported by a special grant 
from the Ministry of Agriculture since 1928, an attempt is being made 
to test the value of certain Iwalities in North Wnle.s for the production 
of seed potatoes. 

Evidence is produced to show that out of fifteen farms originally 
selected for this purpose, eight have maintained their stocks without 
increase of virus diseases, three have shown only a slight increase, whilst 
four have been discarded from the scheme. Replicated yield trials at 
the College Farm proved that seed mixed from these eleven farms was 
equal to Scottish “ stock ” see<I, and the value of this Welsh seed was 
confirmed by trials in a number of Welsh counties in w’hich it w'as tested 
against ordinary T.S. Scotch seed. 

Concurrently with this, a study has been made of the aphis popula- 
tion of the potato crops at these centres, which has led to the following 
conclusions : — 

(a) The absence of increase of virus diseases, and of leaf-roll in 
particular, at the more successful centres is not due to the scarcity of 
aphides, nor to the ab.sence of known vectors of the diseases, such as 
Myzus persicae. Neither can it be attributed to the non-infective con- 
dition of the aphis vectors present at these centres sinc’c representative 
samples, taken from potato crops, transmittecl leaf-roll to healthy plants 
under glass. With one exception no transmission occurred with any 
of the species of aphides when taken from apparently healthy plants in 
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a partially diseased crop. In samples taken from leaf-roll plants trans- 
niissioii only CKvurred when they included MyzH»( ycrsicae, 

{b) The accumulated data suggest that the maintenance of health 
in potato stocks is inhiienced not merely by the relative abundance of 
aphides but rather by the relation between the date of maximum infesta- 
tion and the stage of maturity of the foliage. The more successful 
centres, each year, showed either a delayed maximum infestation and/or 
the foliage was cut down earlier than at the less successful centres. The 
relative movement of aphides within the crops at the different centres 
is certainly of importance, but this is conditioned by many factors 
which are still under investigation. T.Wt 

Narcissus; Fusarium Bulb Rot of. 

P. II. (rHECJORV. Avn. Apyl, BioL, 1932, xix, No. I. 

In isolations made from stored bulbs Fuitariiim bulhigenum was 
found most frequently, although two other organisms also occur. 
Inoculations into healthy bulb tissues with the above Fnvarium were 
found to produce the typical symptoms of the* storage rot, and the fungus 
was re-isolated without difhculty. In general, wounding of the tissue 
Avas necessary for infection to take place. In a few cases where infection 
w’as obtained without artificial Avcainding. naturally produced wounds 
are suspectcKl. Inoculations of roots failed to produce the disease. 
Inocadation with other organisms commonly found on diseased bulbs 
also failed to give infection, and it is concluded that F. bulhigenum 
is the casual agent of the bulb rot. There is considerable variation in 
the resistance of different varieties to the fungus. * 

It is stated that a very frequent point of attack w^as at the junction 
of the two components of a <louble-nosed bulb, although it occasionally 
occurred in a downw'ard direction from the nose of the bulb; an upward 
direction from the base is, however, the most usual form of attack. No 
<*lear evidence w'as obtained of the fungus entering the base of the 
bulb from infected soil through the dying-back of the roots, as is stated 
to be the case in America. High temperature and high humidity during 
storage were found to aggravate the disease in an infected stock, but 
in healthy stocks these same factors did not harm the bulbs or repro- 
duce the disease. The beneficial effects claimed for early planting of 
stocks as a means of chf?cking the disease has not been substantiated, 
and the question must still be considered an open one. Support was, 
however, found for the view put forward by Weiss in America that the 
disease may be spread during the hot-w'eather treatment against 
eelworm. T.W. 

Narcissi and Bulb Rot; Warm water treatment of. 

E. Van Slogteren. Weekhlad voor BloembollenhultuuTy 1981, xlii, 

No. 15. 

Experiments at Lisse in Holland, in the control of Fusarhnn bulb 
rot of narcissi showed that the ordinary hot water treatment by immer- 
sion for li, 2i, or hours at 48.5°C. was quite inadequate, and in 
fact resulted in an average reduction of 87.8 per cent, in the weight of 
the bulbs of the Colorable variety. On the other hand, immersion for 
the same periods in 0.5 per cent, uspulun, 0.5 per cent, germisan, or 
1 per cent, formalin at 48.5®C, resulted in increased yields of 100.8, 
111.6, and 106.9 per cent, respectively. The outcome of eight hours 
immersion of the bulbs in the same preparation at 18®C. was not so 
satisfactory. T.W. 
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Flums; Silver Leaf Disease of. 

F. T. Brooks and G. H. Brenchley. J. Pom. and Jloii. Sri., B)31, ix, 

No. 1. 

Amongst other aspeets of the disease the work deals with the 
incidenee of silver leaf in plum suckers. Silvered suckers, devoid of the 
mycelium of Stercinn purpureumf sometim£\s retain the silvering 
symptoms until two years after separation from the parent tree. In 
numerous young worked trec^s affected by the disease the fungus had 
i*ntcred through one or other of the wounds made in cutting back the 
stem of the stock in the processes of propagation. As regards the effect 
of weather on the disease it is stated that hot, dry summers promote 
recovery, and that if a tree does not die during the first few years of 
attack its cdianccs of re<*ovcry arc gootl. The greatest danger of wide- 
spread infection occurs after heavy cropping leading to breakage of 
branches, especially when followed by a wet autumn. Soft grafting 
wax and home-made white lead paint have again proved most satis- 
factory in ]>rcvcnting invasion of wounds by the fungus. T.W. 

potato Blight ; Correlation of Weather conditions with outbreaks of. 

S. P. Wiltshire. Quart. J. R. Mc.teoroL Soc,, 1931, Vol. Ivii. 

The writer briefly reviews the work of Dutch investigators on the 
correlation between w(‘ather <‘onditions and outbreaks of potato blight, 
resulting in the organisation in that country of n s])ray-warning service; 
he then discusses the ai»i>licability of the data obtained in Holland to 
Finglish conditions. An examination of twenty-six outbreaks of blight 
in England and Wales in the light of tabulated data supplied by the 
Meteorological Oflice showed that van Everdingen's four conditions for 
the develoimient of the disease (night temperature below the dew point 
for at least four hours, minimum temperature of ]0®C., mean cloudiness 
for the next <lay of f).H or above, and rainfall during the next tw^eiity- 
four hours of at least 0.1 m.ni.) were comi)letely fulfilled during the 
precwling fortnight in eighteen cases. Tn one other case they ware 
almost entirely fulfilled within the preceding fortnight and completely 
so wuthin the preceding twenty-three days, whilst in the other seven 
cases the requirements were almost exactly satisfied during the preceding 
fortnight. The writer concludes that van Everdingen's conditions are 
therefore applic*able to this country. It remained to ascertain whether 
these four conditions invariably resulted in outbreaks wathin the follow- 
ing fortnight. To do this the weather records were analysed from the 
15th April to within sixteen days of the outbreak for eight outbreaks 
following completely favourable days. The results indicate that a num- 
ber of favourable days occur which are not followed within fifteen day.s 
by blight epidemics, although the latter often occur within thirty days. 
This also was found in a few ceases in van Everdingen's data. If the 
Dutch conditions are exactly adhered to, then only eighteen out of 
twenty-six British records completely vsatisfy these conditions as com- 
pand with van Everdingen's twenty-nine out of thirty. Allowing a 
deviation of 10 per i*ent. in one factor alone, all the British outbreaks 
except three are preceded by almost favourable days within the fort- 
night before an outbreak, but at the same time the number of the 
almost favourable days not followed by blight outbreaks is greatly 
increased. T.W, 
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Roieft; Black Spot of. 

D. E. Green. J. R. Hort, Soc,, 1932, Ivii, No. 1. 

Some 350 varieties are arranged in groups according to their reaction 
to the fungus {Diplocarpon rosae) causing black spot. Juliet bushes 
sprayed in 1980 with 4-4-50 Bordeaux plus saponin (1 os. to 50 galls.) 
were markedly superior in 1981 to those left untreated. T.W. 

Seed Disinf ecton ; Effect of — ^in Northern Ireland. 

A. £. Muskett and H. Cairns. Ann, Ap^l, BioL, 1982, xix, No. 4. 

The paper deals with a series of experiments carried out in Northern 
Ireland over a period of three years in order to determine the value of 
various seed treatments for controlling smuts and for use as general 
seed disinfectants in connection with the cultivation of the oat crop. 

In so far as the control of oat smuts is concerned and at the con- 
centrations used in these experiments, copper sulphate and copper 
carbonate proved to be of some value but caused definite injury to the 
crop, while sulphur and gypsum proved to have no fungicidal value. 
Formaldehyde gave complete control in nearly every case, the sprinkle 
method being considered more satisfactory than steeping, as it is more 
easily carried out and as the results obtained indicate that in some 
cases steeping may cause crop injury. The organic mercurial — 
“ Ceresan ” — gave almost as good results as formaldehyde. 

As general seed disinfet^tants the organic mercurials — “ Ceresan 
and “ Abavit B ** — proved to be more satisfactory than formaldehyde, 
the average increase in grain yield from these plots being approximately 
80 per cent, above the yield from the formaldehyde plots, which in 
turn showed a yield increase of 16 per cent, above the controls. 

It is suggested that the greater efficiency of organic mercurials is 
due to the fact that the fungicide is retained by the grain at the time 
of sowing and remains operative during the early stages of crop develop- 
ment without causing injury to the plants. The fa(‘t that oat grain has 
been treated with “ Ceresan ** and Abavit B ** at varying intervals 
before sowing with complete success indicates that this method of treat- 
ment possesses a distinct advantage over the formaldehyde method 
where, in order to preclude possible injury during germination, it is 
necessary to carry out the treatment immediately prior to sowing. No 
cases of poisoning as a result of the use of organic mercurials have 
occurred so far and it is possible that by taking reasonable precautions 
the use of these compounds for seed dressing may be safely advocated. 

T.W. 


Tomato Leaf-Mould; Control of. 

W. F. Bewley and O. B, Orchard. Ann. Appl. Biol., 1982, xix, No. 2. 

Tomato leaf-mould may be held in check by attention to atmos- 
pheric temperature and humidity. Varieties resistant to this disease are 
known, but they are not suitable for (commercial work. Attempts are 
being made to breed varieties combining resistance with crop excellence. 
The disease has been controlled by spraying with salicylanilide paste, 
sold under the name of “ Shirlan Paste combined with a sulphonated 
oil so!d as Agral I ; the proportions recommended are as follows : — 
^ oz. Shirlan Paste, ^ oz. Agral I, 1 gallon water. The powder, Agral I, 
should he sprinkled into the water and mixed by stirring vigorously. 
Afterwards the requisite amount of the paste may be added and also 
mixed by stirring. The spray should be applied at the onset of the 
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disease, for when this is done a second spray seven days later is sufficient 
to check its progress for a considerable time. If spraying is left until 
infection is severe the difficulty of controlling it is intensified greatly. 
In preliminary experiments the above spray mixture has also provided 
a satisfactory control of cucumber mildew {Erysiphe cichoracearum ) — 
although it has not been possible to experiment with very young plants 
on a large scale, and more work is necessary. Also powdery mildew 
of the chrysanthemum (Oidium Chrysanthemi) and of the rose 
(Sphaerotheca pannosa) has been controlled after a few applications, and 
it is possible that the spray may prove useful against other diseases of 
glasshouse plants. T.W. 

Leaflets, Ministry of Agriculture and Fisheries. 

The following Advisory Leaflets of interest to those concerned in 
the control of crop diseases have been recently issued. 

No. 85. The Downy Mildew of the Onion. December, 1981. 

No. 99. Powdery Scab of Potatoes. March, 1982. 

No. 107. “ Black Leg ” of Potatoes. April, 1932. 

No. 129. Loganberry Cultivation. August, 1932. 

No. 130. Carnations. July, 1932. 

No. 139. Mosaic and Allied Diseases of the Potato. September, 1932, 

No. 151. The Cultivation of Parsnips. December, 1932. 

T.W. 


SOILS AND MANURES. 

Abstractor : 

Rice Williams, M.Sc., University College, Bangor. 

Lime; Some Chemical and Bacteriological effects of various kinds and 
amounts of — on certain Southern Iowa Soils. 

Part I. — Laboratory and Greenhouse Experiments. 

R. H. Walker, P. E. Brown, and A. W. Young. Iowa Sta. Research 
Bid/., 1932, 148, 57-120. 

The following are some of the results obtained. The degree of 
fineness and the chemical composition of the lime used had a large 
influence on its reactions with the base exchange complex of soils. 
Calcium and magnesium carbonates and limestones increased the yield 
of wheat over that obtained on untreated soils. Magnesium carbonate 
and dolomitic limestones were slightly more effective than the corres- 
ponding calcium compounds. Magnesium carbonate was slightly more 
effective than calcium carbonate in increasing crop yield and nitrogen 
content of clover crops. A similar but smaller effect was observed when 
using a calcium and a dolomitic limestone. R.^^ . 

Lime; The uae of — ^in Agriculture. 

Min, Agr, and Fisheries Bull,, 1982, No. 35, 0-19. 

This bulletin consists of four sections, in which the following are 
discussed :—(l) the need for lime; (2) comparative values of different 
forms of lime; (3) application of lime; and (4) lime surveys. R.W. 
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Limestone Particles of different sizes; Relative effectiveness. 

T. I.. Lyon. Nc\r York Cornell Sta, Bull., 1931, No. 581, 0-13. 

The dressinjfs of very finely ground limestone (<^ 200 mesh) pro- 
duced larger yields when first applied, but the beneficial effect disappeared 
more rapidly than coarser (50-80 mesh) dressings. Of the fractions used 
the coarsest (5-10 mesh) material was the only fraction that failed to 
show a beneficial effect as time progressed. It is suggested that a soft 
limestone should be ground to a condition in which all the particles 
would pass through a 10 mesh sieve. This would give enough of the 
finer sized particles to make the limestone immediately effective. On 
the other hand a hard limestone should be pulverise<l more finely than 
the soft stone. R.W. 

Manures and Manuring. 

Min. A(fr. and Fisheries Bull., 1931, No. 36, 0-85. 

Information for farmers regarding organic manures (farmyard 
manure, liquid manure, poultry manure, waste organic substances, town 
refuse and sea weed), artificial fertilisers, compound manures, valuation 
of mriiiurc’S and some general suggestions for the manuring of farm 
crops is given in a (‘ompact form. R.W. 

Moisture and Nitrate Content of field soils receiving different methods of 
cultivation; Variations in. 

R. P. Bartholomfav. Arkaman Sta. Bull.. 1932. 210. 

liittle difference was observed in the amounts of nitrates# produced 
in soils on which weeds w’ere destroyed by cultivation : but when weeds 
were removed by scraping with a hoe, the average content of nitrate in 
the soil remained slightly higher than by other methods of cultivation, 
because the loss by lea<*hing was smaller during the growing season. 
The moisture and nitrate contents wc^re considerably lowered in soils 
when the weeds were permitted to grow owing to their being used up 
by the Aveeds. 

Medium-deep and deep methods of cultivation allowed rapid absorp- 
tion of moisture from limited rainfall, Avhereas very shallow cultivation, 
scraping with a hoe, and no cultivation, favoured a rapid run-off of the 
rain. No difference in the moisture content was observed when the rain 
was plentiful and well distributed where the soil was kept free from 
weeds by cultivation. R.W. 

Nitrification Processes; Activity of — in the fall and winter months. 

R. P. Bartholomew. .7. Amer. Soc. Agron., 1982, 24', 

Work at the Arkansas Experiment Station shows that nitrification 
occurred during the autumn and winter months but nitrates disappeared 
in relatively large quantities from soils not planted to cover crops, 
Tliese crops were found of value as a means of prei^enting the losses of 
soluble nitrogen compounds. R.W, 

Phosphate in relation to Permanent Pasture Fertilisation ; The Movement 
and Fixation of. 

A. R. Midgley. J. Amcr. Soc. Agron., 1981, 28, 788-99. 

The results of field and laboratory experiments carried out at Wis- 
c-onsin shoAv that superphosphate when applied as a surface dressing 
moves down very slowly. Most of the phosphate remains within the 
surface inch of the soil even after an interval of six months. Maximum 
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results c*annot be obtained inamediately unless the phosphate is 
thoroughly mixed with the soil. Alternate wetting and drying is shown 
to be on© of the most important factors in the fixation of superphosphate 
in soils. Other fertiliser salts when mixed with superphosphate greatly 
influence its movement through soils. It is increased by nitrate of soda 
and slightly decreased by the sulphates of potash and ammonia. 

R.W. 


Phosphate Penetration in held soils. 

R. E. Stkphensox and H. D. Chapman. J. Amer, Soc, Agron,, 1981, 
28, 759-70. 

Appreciable penetration of phosphate below the surface 12 inches 
was found in light to medium textured soils; but little or no penetra- 
tion appeared to have taken place in very heavy soils. While there was 
a marked penetration below the surface 12 inches in plots receiving 
superphosphate, there was no evidence of penetration in similar plots 
receiving bone meal. There are indications that the phosphates in farm- 
yard manure move readily through the soil. R.W. 


Poultry Manure; The production of kiln-dried. 

R. Sayck and F. Hanley. J. Min. Agr., 1982, 89. 6.56-668. 

A method for the drying — in a kiln, similar to that used in maltings 
— and grinding of ])oultry manure so as to give a material containing 
from 7-10 per cent, of moisture and ground to pass a one-eighth inch 
mesh is described. The material has an analysis similar to organic 
manures of the castor meal or rape cake type. R.W. 

Phosphoric Acid in the soil; Conservation of Water-Soluble. 

H. Elleder. Sttperphosphafe, 1981, 12, 289. 

Experiments carried out at the Experimental Station of the Agricul- 
tural Council of Bohemia on a heavy red soil showed that after thirty- 
two days about 8i per i*ent. of the F.,0^ was still available in water 
soluble form and that during the first two weeks after the application 
of the phosphate about 57 per cent, of the w’as at the disposal of 

the plants in water-soluble form. R.W. 

Phosphate deficiency in the soils of Montana. 

IJniv. of Montana Agr. Expt. Sta. Bull., 1931, 240. 

Increased yields of lucerne were obtained by the addition of super- 
phosphate to soils in the districts of Montana where cattle suffered from 
softening of bones and have the habit of chewing bones. In the 
majority of cases it was found that the phosphoric acid content of the 
lucerne hay was considerably increased by fertilisation with super- 
phosphate. R.W . 

Ruck Phosphate; Availability of — as indicated by Phosphorus assimila- 
tion of plants. 

J. W. Ames and K. Kitsuta. J. Amer. Soc. Agrvn.^ 1932, 24, No. 2, 
108-22. 

The results of pot experiments carried out at the Ohio Experiment 
Station are given. When limestone and phosphate were added simul- 
taneously, a decreased assimilation of phosphate by plants, due to the 
reduction in availability caused by increased basicity was observed. 
This effect was more pronounced with roc k phosphate than with super- 
phosphate, and was not shown to the same extent when rock phosphate 



288 


The Welsh Journal of Agriculture. 


was added to a previously limed field soil. The addition of limestone 
to an acid soil, however, increased the assimilation from the natural 
supply. The fineness of grinding appeared to be an important factor 
in the availability of rock phosphate. R.W. 

Superphosphate and Basic Slag; Percolation experiments with — carried 
out on twelve soils. 

C. Kruoel, C. Deyspuing and F. Heinrich. Superphosphate, 1982, 7, 
129-85. 

These experiments were carried out at the Hamburg Experimental 
Station. It was found that when the dressings w’cre similar to those 
applied in practice and the leaching similar to that occuring under 
natural conditions, no risk of the phosphoric acid of the superphosphate 
or basic slag being washed out by drainage water was incurred on any 
cultivated soils. Even with fertiliser applications of from five to six 
times the normal and a precipitation two or three times as heavy as the 
normal, the loss by leaching is so small as to be of no practical impor- 
tance. The authors regard the opinion occasionally advanced that the 
water-soluble phosphoric acid of superphosphate can be washed out as 
erroneous, so far as the conditions obtaining in agricultural practice 
are concerned. R.W. 
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The following list, prepared by the staff of the National 
Library of Wales, is a selection of the more important books on 
the science and practice of agriculture published during the year 
1982, together with a few omitted from the list for 1981. The 
list supplements The Hand List of Books on Agriculture issued 
by the National Library, third edition^ 1926, copies of which can 
be obtained on application to the Librarian, The National Library 
of Wales, Aberystwyth. 

Allen, L. A. The Mineral constituents and citric acid 
content of milk. Repr. from The Journal of Dairy 
Research, Vol. Ill, 1981. Cambridge : University 
Press, 1931. pp. 52. bibl. 

Anderson, A. L. Swine enterprises. Chicago : Lippincott, 

1931. pp. 458. ill., diags., bibl. ... ... $2.0 

Astor, W., Viscount Astor, and Murray, K. A. H. Land 
and life : the economic national policy for agri- 
culture. London : Gollancz, 1982. pp. 192. 
diags., bibl. ... ... ... ... 5s Od. 

Brumley, O. V. A Text-book of the diseases of the small 
domestic animals. . . . 2nd ed. rev. London : 
Bailliere, Tindall & Cox, 1931. pp. xxii, 17-612. 25s. Od. 

Carrier, E. H. Water and grass : a study in the pastoral 
economy of Southern Europe. London : Christo- 
phers, 1982. pp. xii, 484. fdg. maps, diags. ... 21s. Od. 

Clouston, D. Plant diseases of the garden. Aberdeen : 

Wyllie, (1982). pp. 52. ... ... ... Is. 6d. 

Comber, N. M. An Introduction to the scientific study 
of the soil. . . . 2nd ed. London : Arnold, 1982. 
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'['HE DIAKY OE A C'ARDKiANSHlRE 
FARMER, 1870—1900. 

By .1. Llefelys Davies, M.Sc. 

University ('olleg<‘. Alierystuytli. 

Farmers passing through the present period of agricultural 
depression frequently refer to the good old days of prosperity in 
Welsh farming. Those good old days vary according to the age 
and recollection of the farmer. To most modern farmers, the 
pre-war period typifies all that was desirable to working farmers : 
cheap and abundant labour ; stable prices at a reasonable level 
with a slight rising tendency ; quiet political arid economic con- 
ditions and average harvest seasons. But there are older people 
in the farming community who compare the present depression 
almost automatically Avith the last decades of the nineteenth 
century. Farming conditions in the two recognised periods of 
depression were widely different, and both were difficult periods 
for farmers. The problems and conditions of the present de- 
pression will be recollected for generations by farmers, and a 
tradition of hardshi}) will gradually evolve. 

One must recognise the period 1870 to 1900 as one of the 
most important formulating }>eriods in the history of farming in 
this country. Actual records of economic facts of the industry at 
that time are scarce, but several general features arc fundament- 
ally important. The march of industrialism had proceeded far 
in many )>arts of the country. Most of the great industrial areas, 
Lancashire, Yorkshire, the North East, and the Black Country, 
had become thickly populated, and secondary industries were 
ra])idly developing on the established basis of coal, iron and steel. 
Most of the important railway lines had been laid down by this 
time and even Wales was tolerably served by the main rail routes- 
Agriculture in the country as a whole was rapidly deserting the 
traditions of corn growing and increasing supplies of cereals were 
arriving from North America. The increasing industrial popula- 
tion with a gradually rising standard of living meant increased 
demand for all classes of livestock and their products. Imports 
of these products from overseas were increasing, and this feature 
has continued right up to modern times. In many ways, there- 
fore, the foundations of the present farming economy in this 
country, diverse though it is, were laid in the closing decades of 
the last century. 
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S|^caking more particularly of Wales the general outline of 
agriculture is very similar to-day to what it was fifty or sixty 
years ago. The main farm products for sale still are store cattle 
and dairy cows ; sheep for breeding and feeding ; pigs for feeding 
into finished bacon and pork, with livestock products mainly wool, 
butter and eggs. In the decades following 1870 these were the 
prominent })roducts of Welsh farms and the distinctions are those 
of details and possibly of emphasis rather than of the bi;oad 
features in comparing the earlier with the later period. It is 
well known that there was a much greater proportion of the 
cultivable land under arable conditions than there is to-day- 
But this was being gradually reduced in many counties, and most 
of the crops were used for livestock production. The days when 
wheat and barley were grown for sale almost throughout the 
Principality were fast disappearing, and farmers had to look 
more and more to their livestock as the mainstay of the farm 
income. An important feature of this period was the rapid 
development of the South Wales industrial area, drawing part of 
the farm population away from the land, and forming an ever 
increasing market for the livestock products of Welsh farms. The 
railways facilitated communication and transport of produce and 
helped to emphasise the close inter-relation of the industrial and 
agricultural features of South Wales. 

It is interesting to study a farm diary which has now^ become 
available because the facts contained therein assist the apprecia- 
tion of the details in a picture of a farm during that period in 
relation to a background of conditions which are known in a 
general way. Deduction from the diary of a single farm natur- 
ally suffers from the disadvantage that the facts and conditions 
described are related to the circumstances of a single case, and 
may be at variance with general conditions of the industry as a 
whole. While this may be true, and the facts shown should be 
taken mainly for illustration, the details of a single case seems 
more real and colourful than sets of averages however efficiently 
compiled. The history of farming in Wales even in recent periods 
has yet to be written adequately, and treatment of individual 
diaries may help to pros ide the bricks for that great story. 

The diary in this case is that of a farm in Mid-Cardiganshire, 
situated in that hilly district between Felinfach and Llanarth. It 
formed part of the Aberkerry Estate, and was tenanted by the 
same family from 1850 to 1900. The size of the farm was around 
150 acres, with an annual rental of about £70 per annum on a 
lease of 21 years from 1870. Even at that date the farming 
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system was much the same as it is to-day. A dairy herd formed 
the basis of the livestock enterprises, part of the milk being used 
for rearing cattle and pigs and part turned into butter and cheese 
on the farm. From ten to twelve Welsh Black dairy cows were 
kept, together with two or three breeding sows and thirty breed- 
ing ewes. Unfortunately, the diary is far from complete and it 
has been impossible to make up comprehensive yearly statements 
from it. As has been the practice generally on Welsh farms, the 
diary or book of account has been used mainly to record wage 
contracts and the payments made under them, and such other 
items as are not settled from day to day on a cash basis. It has 
also been the habit to record the dates of mating of cows and pigs 
in the book of account, but it has been and still is, the exceptioji 
for farmers to enter regularly the (^ash purchases and sales on 
the farm. This particular diary contains more information than 
most, and it has the advantage that it is neatly entered and is 
continuous for a series of years. The summaries or extracts 
below shed some light on a variety of farming topics which assist 
the formulation of an accurate picture of the period in West 
Wales. 

Records of Sales of Produce. 

The diary contains interesting summaries for a number of 
years of the sales off the farm of two important products, namely 
wool and butter. These are particularly interesting liecause 
thesis products are still prominent in Welsh farming and butter 
is still made on this farm, although not in the same form or 
disposed of through the same marketing channels. It must be 
appreciated, of course, that conditions of sale of wool were 
entirely different in 1870 from what they are to-day- Within a 
radiils of five miles of this farm, there were not less than eight or 
ten small woollen mills, depending largely on local supplies of 
wool; manufacturing cloth and flannel mainly for sale locally. 
Again, most households used the family cottage spinning wheel 
and there was considerable demand for wool from the best farms 
in the cottages of these rural districts. To-day only a small 
proportion of the wool even in Cardiganshire is manufactured in 
the few local mills that still remain, and hardly any is used for 
household spinning. The markets to-day lie in distant York- 
shire, and possibly in countries overseas. The records of sales of 
wool from the farm are set out in the table below, and the column 
showing average price per pound is particularly instructive. 

That the records of wool sales are incomplete can easily be 
seen by the irregularity of the quantities shown for individual 
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years- In some years the farmer obviously held over supplies, 
while towards the end of the period there were only relatively 
small quantities sold locally and entered in the book of account. 
The inference is that the dealer in wool had appeared by this time 
and was clearing away bulk supplies, paying cash. The separate 
entries in the diary show that the unit of weight generally was 


Record of Wool Sales, 1874-1886. 



Total 

'‘T- 

X umber of 
Cuiflomera. 

Areragc 
iveight per 
nistomer. 
lb. 

.1 rerage 
price per 
pound. 
Pence. 

1S74 

' 

298 

2.7 

12 

\.V. 

T) 

i23 

21 

20 

161 

a 

222 

Ul 

17 

16 

? 

:)7o 

i:, 

38 

Hi 

8 


2( » 

20 

12 

9 

ion 

11 

15 

12 

1880 

61 ' 

9 

7 

12 

1 

620 ' 

^2 

15 

IS 

2 

70 

/ 

10 

m 

,‘j 

109 i 

9 

12 

12i 

1 

116 ! 

7 

16 


.5 

87 , 

6 

14 

m 

1886 

47 1 

! 

4 

12 

H 


5.^ lbs. or mutliples thereof termed ‘ Topstan ’ in the local lore. 
It is uncertain how far the average prices per pound shown in 
the diagram represent conditions in the wool market at that time. 
The fact that the wool was sold locally, and especially to the 
cottagers, probably meant that prices changed more slowly than 
in the wholesale markets. According to the records, there was no 
set f)eriod at which wool was sold, but sales continued almost 
throughout the year. The following extract from the diary in 
the farmer’s own phraseology illustrates the local nature of sales 
and the variety of the customers. 


1880. 

lb. 


£ 

s. 

(I. 

January 28 


Martha Drefain 

... 0 

5 

6 

February 4 

2 

Mary Cwmcastell 

.. 0 

o 

6 

February 24 

m 

Dcilades Bwlch Castell 

0 

17 

6 

March 13 

12 

Mary Josua Mydroilin 

.... 0 

12 

0 

March 18 

5^ 

Marj?aret Felin Drefain 

.... 0 

5 

6 

April 7 

... 13 

Jane Shon Cridd 

.... 0 

13 

0 

May 22 

2 

Mary Pantstrimon 

.... 0 

2 

0 

September 28 

.... 2 

Jane. Shon Cridd 

.... 0 

2 

0 

November 5 

3 

Martha Williams 

.... 0 

3 

0 


Prices of wool over this period of thirteen years made over 
a shilling a pound on this farm, with a range from sixteen to 
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iiinepcnoe- It should be noted that the decline was gradual but 
almost continuous from 1874 to 1886. 

The records of butter sales refer only to sales in casks or tubs 
at Llandyssul market and a few local sales to workmen or 
cottagers. But the quantities shown suggest that most of the 
butter sold is included in the record. There is also a certain con- 
sistency in the quantities which indicates that the records are 
complete or made on a comparable basis from year to year. 
Practically all the cows calved in the spring months (this can be 
verified from the records of dates of mating of cows in the diary) 
and butter was made then as now, mainly in the summer months. 
The butter was carefully made, and stored with abundant salting 
in casks which were stored on the farm, to be sold later at the 
butter fairs. The final market for the butter was in the South 
Wales mining valleys, and Llandyssul and Carmarthen were 
important market centres. An interesting feature of the records 
of butter sales from this farm is that practically all the butter in 
casks was sold at Llandyssul, either in February or March. There 
are isolated instances of sales in September or October, but the 


Sales of Cask Butter at Llandyssul, 1870-1887. 


I'rnr. 

Total 

Weight. 

Ih. 

Weiifht 
fur Ca^h. 

Ih. 

Total 

Cai<h 

rcevicni. 

per 

pound. 

Pence. 

isni 

m 

115 

! i 

12 

16 

(/. 

12;i 

1 


M(» 

Is 

()' 

6 

15 

o 

1,047 

116 

11 

5 

0 

9^ 

a 

1 ,092 

120 

56 

7 

0 

12i 

i 

869 

121 

59 

6 

10 

16i 


770 

1 10 

16 

1 

s 

Hi 

« 

H5S 

12" 

16 

0 

10 

1.6 

1 

770 

128 

16 

1 

8 

14 

S 

571 

111 

69 

•> 

1 

! I6A 

1) . .. 1 

1 500 

125 

20 

15 

6 

i H) 

IS86 .... : 

875 

«25 

i 51 

0 

f) 

1 14 

1 .... i 

1,071 

119 


12 

(> 

! 10 

~ i 

1,020 

128 

‘ 51 

15 

6 

1 121 


984 

12.*? 

17 

1 

f»‘ 

Ul 

4 

926 

116 

16 

19 

7 

\ 121 

T) 

995 

121 

69 

11 

(i 

H 

(» 

989 

121 

i 69 

6 

0 

H 

IH87 

814 

116 

1 27 

9 

1 

8 

Averm^e .... 

874 

120 

'i 

41 

1 

2 

9 

12 


great bulk was sold in the spring months after a period of storage 
on the farm ranging from six to nine months. To satisfy these 
conditions the butter must have been well made and the percent- 
age of salting must have been appreciably higher than it is with 
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farm butter at present. Details of quantities and average priees 
received are shown in the table below for all the cask butter 
recorded Sales of smaller quantities even to workmen tended to 
carry slightly higher priees and every record of small sales shows 
the price to have been higher than a shilling a pound throughout 
the period. 

The estimate of butter recorded in small lots as local sales 
would not amount in any year to more than 10 per cent, of cask 
butter, and allowing for home consumption at the rate of live 
pounds weekly the estimate of average production is brought up 
to about 1,200 lb. annually, or about 100-110 lb. per cow. The 
average of prices of cask butter from 1870 to 1880 was about 
13*i pence per lb. compared with about 10 pence j)er lb. from 
1880 to 1890. There arc considerable variations from year to 
year, depending partly on the state of the market and also on the 
quality of the butter. Frequent reference is made in the diary 
to occasional casks of butter which had to be sold below market 
j)rice owing to poor keeping quality of the produce. 

The ligures of sales of butter in 1878 and 1879 in the table 
are shown to be much lower than the average, and although the 
records are not very clear at this point there is no sig)i of 
omission- This was the j)eri< h1 of ])oor harvest years and very 
wet seasons long remembered by Welsh farmers, and these 
figures of low production illustrate the effects of such disastrous 
seasons on the produce of the farm. In 1879, low^ production 
was associated with abnormally low prices for butter and most 
other products. 


Some items io Costs on the Farm. 

(fi ) Labour, 

Rates of wages and other aspects of labour cost loom large 
in modern discussion on farming topics. Farmers to-day hire 
workers within the limits fixed by Orders made under the 
Agricultural Wages (Regulation) Act, and rates of wages for 
able-bodied workers tend to be stabilised throughout whole areas 
around the minimum for quite long }>eriods. The minimum in 
])ractice is little affected by the yearly course of prices, and the 
criticism of wage rates at the moment can be appreciated with 
trie agricultural produce index at around 100 and the wage index 
nearly 170 compared with conditions in pre-war years. Conditions 
during the period covered by this diary were entirely different. 
The rural population was much greater and there was a far 
greater supply of farm labour available. There were two or more 



Diary of a Cardiganshire Fanner. IJ 

CDttage holdings attached to most fair-sized farms, and families 
worked at the busy seasons on the parent holdings. This was 
the heyday of * laissez faire.^ There were no restrictions on wages 
])aid, except some regard for social decency, competition between 
farms for good workers, and, perhaps more important, the back- 
ground of competition from the mining valleys of South Wales. 
But this was also the period of increasing competition of good 
products from overseas, and the age of increasing use of 
machinery for farm tasks- It was fortunate for th(‘ rural 
j>opulation of Wales that towards the close of the century coal- 
mining in South Wales still called for the redundant labour of 
farms. 

The records of wages extracted from the diary are reasonably 
complete for workers hired and paid cash wages. There were 
other workers, esj)ecially at the busy seasons, who were paid 
partly in kind, either bv a jjrant of potato land or use of men and 
horses for haulage or work on the small cottage hohlings. The 
wages quoted refer therefore to regular workers boarding and 
lodging in the farm house, and day workers boarding at the farm 
but living at home. The summary on pp. 12, 13 and 14 of the diary 
entries shows the cash wages paid over the ])eriod to regular 
servants. 

In addition to the cash wages agreed upon with the regular 
servants for the normal hiring year from November 11th, there 
were various perquisites granted to both men and women. It is 
strange that in the earlier years up to about 1890, perquisites 
were only granted infrequently, and for several years only the 
cash wages are recorded. But in the later years almost every 
agreement mentions one or more perquisites. The original tenant 
died about this time, his son taking the farm over, and this may 
account for the difference. There is no evidence that perquisites 
were not general in the earlier period, but the practice evidently 
\ aried from farm to farm. Perquisites granted usually in this 
case were the produce of two rows of potatoes, approximately 100 
yards long; 5A or 11 lb. of wool, haulage of a load of coal, and 
sometimes in the case of head men servants, the keep of two shee]) 
or a pony. Some variation from year to year will be noticed in 
the schedules of labour employed and wages paid above, some- 
times three men being hired and other times only two, but this 
is not significant, and only illustrates the ups and downs of farm 
practice. 

For comparison with wages paid and total costs of labour on 
Welsh farms at the present time, the total wages paid to regular 
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Cost of Labour, 1871-1900. 


Year. 

i Male Workerit. 

Fvinale]\ orkerx. 

Total. 

.Vo. 

I ('axil Wage 

So. 1 Caxh Wage 

1 - - 

So. 

( axh U 

isn-TL^ .... 

1 

1 

1 £ x. d. 

It) 0 0 

9 0 0 

1 

i £ n. d. 

1 1 7 2 « 

I 


jL d. 

lotal 

2 

25 0 0 

1 j 1 2 (.' 

;{ 

i .’12 2 a 

l87l?-75 .... 

1 

U 5 0 

1 1 JO 0 0 


i 

I 

Total 

1 

! li ,-> 0 

1 i 10 0 0 

•J 

■ 24 5 0 

i 


Hi 

1 19 0 0 

1 

1 

J ] ? 15 0 


1 


n 

1 19 0 0 

1 

1 

i 7 15 0 

•J 

i 26 15 0 

1874-?:) .... 

1 

1 

1 20 0 0 

12 10 0 

1 

1 

! 10 0 0 

I 8 0 0 



Total 

o 

112 10 0 

*j 

i I8 0 n 

1 

' 50 10 0 

1875- <(» 

1 

1 

Iti 10 0 

13 0 0 

1 

8 10 0 



Total 

•» 

29 10 0 

1 

i 8 10 0 

;; 

38 0 II 

I877-7S .... 

1 

1 

20 10 0 

13 5 0 

1 

I 7 0 0 



Total 

•J 

1.'. 0 

1 

’ ; 0 0 

! 10 15 0 

! 

1878-11 

1 

1 hov 

!. - 

19 10 0 

1 2 12 e 

1 

J 

i 13 0 0 
j 110 0 


'I’otal 

•2 

22 2 6 

2 

2i 0 0 

1 

44} 2 6 

1879-80 .... 

1 

1 hov 

. . ‘ 1 

15 15 0 

2 15 0 

1 

9 5 0 



'J’otal 

1 

- 1 

18 10 0 

I 

9 5 0 

. . . 

3 

27 15 0 

1880-1 

1 

IT 0 0 

5 10 0 

1 

" 

10 0 0 

...... .. ] 


Total 

j 

22 10 0 

J 

10 0 0 

3 

1 

32 10 0 

1881 -‘J 

I 

1 hov 

■ 1 

17 10 0 

2 10 0 

1 


■ 


Total 

o 

20 0 0 

1 1 

1 

10 10 0 

1 

3 

80 10 0 

1882-n 

1 

1 boy 

18 5 0 

2 to 0 

■ 




Total 

2 

20 15 0 

m 

■Bn 

3 

30 15 0 

1888-1 

1 

1 i 

20 0 0 

12 10 0 

1 

10 5 0 1 

1 



Total 

2 1 

1 

82 10 0 

1 

10 5 0 

8 

42 15 0 
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Cost of Labour, 1871>1900. — Continued. 


Viutr. 

Male Worhors. 

FemaleWorkerH, 

Total. 

No, 

Cai<h Wage 

No, 

Ca»h Wage 

No. 

Cash Wage 

IS84-;> 

] 

1 hoy 

JL s, (L 

20 0 0 

2 5 0 

1 

£ H. d. 

10 5 0 


£ s. d. 

'I’otnl 

2 

22 5 0 

1 

10 .5 0 

3 

.32 10 0 

1088-f> 

1 

1 

1 hoy 

15 10 0 
l.‘l 0 0 

1 1,5 0 

1 

12 10 0 



I’ntal 

.•) j ;i3 ,-) 0 

1 

12 10 0 

4 

45 1.5 0 

... 

1 Ifi (1 0 

1 ! 11 0 0 

1 hoy 1 4 1.5 0 

1 

9 0 0 



'I’ntal 

;i 1 .‘tl 1.5 0 

1 

9 0 0 

4 

\0 15 0 


1 18 10 0 

1 1 16 0 0 

1 

1 1 12 10 0 

1 

] 



rota! 

2 i M 10 0 

1 i 12 10 0 

3 

17 0 0 

lHfM-2 .... 1 1 18 1(1 0 

I 1 ! IT) 0 0 

1 

12 10 0 



rntal 

2 i 10 0 

i . 


12 10 0 

.3 

16 0 0 

1892-:i 

1 ' 1ft 0 0 

1 1 14 10 0 

__ 1 

1 

12 10 0 

. .. . . . 

! 



I’ntnl 

2 1 .T2 10 0 

1 

1 

12 10 0 

.3 

45 0 0 

IK93-1 

1 1 20 11 0 

1 1 1.5 0 0 

1 l>ov 1 3 0 0 

. 1 

1 

. 

12 10 0 



'Potal 

.3 i .3S 0 0 

1 

1 

12 10 0 

1 

50 10 0 

IN94-5 

1 

1 

11 1,5 0 

5 10 0 

1 

13 0 0 



Total 

O 

. 

20 ,5 0 

1 

18 0 0 

.3 

33 .5 0 

189.5-6 

I 

1 

22 0 0 

17 0 0 

1 

12 .5 0 

11 10 0 


1 

Total 

2 

39 0 0 

2 

28 1.5 0 

4 ! 

62 1.5 0 

18fW»7 

1 

1 

22 0 0 

1.5 0 0 

1 

1 

1 

12 10 0 

6 0 0 



Total 

2 

87 0 0 

2 i IS 10 0 

1 

4 

.5.5 10 0 
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Cost of Labour, 1871-1900. — Continued. 


1 

Male 

Workers 

1 

1 

1 

Female Worker 8, | 

Total. 

Tear. \ 

No. 1 

Catfh Wage 1 

No. i 

Cash 

Wage 

.\... 1 

Cash Wage 



d 

8. 

c/. 

' 

£ 

8. d. 


d 8. d. 

IH87-H 

1 

18 

0 

0 

1 

18 

5 0 




1 

10 

0 

n 

1 

8 

0 0 



rotal 

2 

28 

0 

0 

2 

21 

o 0 

1 

19 5 0 

1898-9 

1 

19 

0 

0 

1 

18 

10 0 




1 

9 

15 

0 

1 

8 

15 0 



I’otal 

2 

28 

15 

0 

2 

_ 1 

1 

1 22 

i 

5 0 

1 

51 0 0 

1899 1900 

1 

18 

10 

0 

1 1 

12 

0 0 




1 

7 

10 

0 






'I'otal 


26 

0 

0 

1 

12 

0 0 

L_ 

.38 0 0 


The year 1876-7 and the throe* years 1885-8 aro omitted from tlio series 
because of incompleteness of the re<-ords. 


servants with payments for semi-regular day workers for six 
years of complete records are given below : - 


Total Cost of Labour, 1871-8. 


Year. 

Regular 

Serravis, 

Daii Ldkoitr. 

Total. 

('ash. 

Dailji Wage. 


I 

s. 

d. 

£ 8. <i. 

i 

d 

8. (L 

1871-2 

82 

2 

« 

12 16 6 

!/• 1 

41 

18 0 

1872-8 

21- 

5 

0 

12 16 8 

1/2 i 

87 

1 8 

1878-1 

26 

15 

0 

16 17 10 

1 8 

48 

12 10 

1871-5 

50 

10 


7 9 8 

I 1 '8 I 

57 

19 8 

I87.V6 

38 

0 

0 

13 9 10 

1 /8 1 

.51 

9 10 

1877-8 

10 

15 

'* ! 

i 

16 5 0 j 

1 

18 

56 

0 0 


There are further intermittent references to cash wages paid 
to day workers at a later period and one can be quoted to illus- 
trate the trend of wages and the annual payments made. 

189^-5- '16 ilays. winter Is. 3d. 

Ml days, suinmer Is. 6d. 

Total, £W 11s. 9d. 

The data of wages paid to workers should be studied in 
relation to the prices of produce sold off farms, and the cost of 
household foods to the workers. It is true that most farm 
workers in Wales at the time either lived at the farmhouse, and 
if they were married, they generally had a cottage holding with a 
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cow, a few pigs and hens. Still it is almost impossible to imagine 
how families of farm workers were maintained when cash wages 
of the farm workers would not have been more than 7s. d. per 
week. An extract from the detailed account between a regular 
day worker and the farmer in 1871 illustrates this point, as it 
shows the amount of cash available for family maintenance. 


June, 


Work <loiir- 

■~22 (lays at Is. iw‘r day 

/>ed'Urffonit 

(W joll()U )» — 

.luin* 1 

1 11). hut ter 

H 

1 11). butter 

I.-) 

1 lb. butter 

IH 

1 Wiiu hester barb v 

22 

1 lb. liutter 

2K 

1 11). butter 


r s. (]. 

. \ 2 
S. <1. 

I n 
I n 
1 0 
:> 0 
1 0 
I n 


'I otal 


in (( 


Nft I -as! I I mid 


0 \2 


The remaining four days of the month may have been spent 
on other farms, making a total of His. cash for the whole month. 
Mention of Win(*hester barley in the account brings up the 
(|uestion of the dietary of the people In this district barley bread 
was the staple focxl of the farm workers as well as of most of the 
farm families. ‘ Bara Can ’ or white bread remained a semi 
luxury at least up to the close of the century. 

In many parts of Wales, a considerable amount of draining, 
enclosing of fields an<l hedging was done towards the close of last 
century. It is known that on this particular farm, under the 
guidance of a vigorous farmer with ample capital, what was 
previously a wet intractable liolding was transformed into one of 
the best farms in the district. Elaborate drains were cut in 
almost every field and high hedges built, which have since been 
more of a curse than a blessing, especially in wet harvest seasons. 
Records of payments made for draining and hedging at piece 
rates are found in the diary as follows for the years 1875 and 1876. 


Cost of Farm Materials. 

The bane of many Welsh farmers to-day is the regular 
account from the Co-o|>erative Society or the village merchant 
for supplies of feeding stuffs and other farm supplies. With the 
decline of arable land in modern times farmers have become in- 
creasingly dependent on purchased foodstuffs. Even in the 
mixed farming areas of Cardiganshire there are few fanners now- 
adays who resist the temptation of purchased foods, and who grow 
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Draining. 


Number of 
Perches 

Price 

per perch. 
Pence. 

Cash, 

n 

10 

£ 8. (1 

0 

yoi 

8 1 

1 0 4- 


8 

t 0 17 8 

10 

9 

0 7 6 


8 

n 7 8 

ox 

-^4 

9 

0 1 10 


Hedging. 

21 

1 

12 

1 

I 1 

1 

0 

14.i i 

15 

: 0 

IK 


22| 1 

8 

i 

15 

(t 

m 

10 

I 1 

12 

11 

8 

12 

i 0 

7 

a 


sufficient supplies of home-grown arable crops for winter fodder. 
But in this diary there is not a single reference to purchased 
foods, and it can be safely assumed that livestock were main- 
tained solely on crops grown on the farm Records of farm 
materials purchased refer only to manures, lime, coal, grass seeds, 
and timber for fencing and repairs. The artificial manure is 
referred to as ‘ guano, ’but local evidence suggests that it was 
almost entirely superphosphate in the seventies, and later ‘ guano 
du bach ’ or basic slag. Records of purchased materials in the 
diary are only available for a part of the period 1870-8, and there 
are omissions in individual years. The extracts below present 
most of the information which gives some guidance as to 
quantities used and costs. 


Manures purchased. 


Year. 

Quantities, 

Cash Cost. 

Price per ton. 


t. c. q. 

£ 8. d. 

£ 8. d. 

1872 

1 n 0 

9 6 0 

6 0 0 

1873 

1 IS 0 

n 8 0 

6 0 0 

1874 

2 S 2 1 

14 11 0 

6 1 0 

1875 .... i 

n 16 2* ! 

22 7 6 

.5 17 6 

1876 .... 1 

1 

I IB 2 j 

11 2 0 

5 16 6 


* Another farm was taken in lft75 and the quantities recorded cover 
the two holdini^s. 


It is interesting to compare the meagre quantities of artificials 
jn the seventies and the comparatively high price per top with 
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modern conditions on the same farm, where not less than 10 tons 
of artificials of all kinds are used annually on the arable and 
grassland. But the small amounts of artificials used in the 
earlier j>eriod were supplemented by generous use of lime in 
almost every season. Examples of the amounts used and the cost 
read as follows : — 


Lime Purchases. 


Year. C^iuanl'itira. 


(^aah ('aat 


j Vncv {u r ion. 


I t. r. q. 

IH72 .... I 18 f) -J 

.... 17 10 0 

1871 .... ; l‘» n 


X s. 

VJ 11 

n> 


cl. 

i 

i 

0 


X s. (1. 
0 1 1 (> 
O il (> 
0 14 I 


The price per ton is shown to be less than half the average 
price in modern times, but in making the comparison, it should 
be realised that transport costs do not enter into the prices quoted 
above. Practically all the lime used on farms in Cardiganshire 
was hauled direct from the kilns in Carmarthenshire, a distance 
of not less than thirty miles. There are old men in the country- 
side even yet who like to wax eloquent on the romance of the 
days of lime carting in the closing decades of the last century. 

Cost of coal does not enter strictly into the farm business, but 
in the mind of the farmer it is naturally considered a part of the 
farm budget. In the seventies the nearest railway station was at 
Llandyssul, and coal was hauled by farmers for all the residents of 
the village. The following record of prices and quantities is 
interesting. 


Purchases of Coal. 


Year. 

(htantiiy, 1 

* 1 


j Pricr 

per 

ton 


t. \ 

(\. 

X s. (1. 

t 

s. 

(1. 


2 10 

0 

2 18 10 

' 1 

n 

(> 

1874 .... ! 

1 .T 

1 

I i 10 

1 

0 

.5 

1875 

4 8 

0 

.‘Ml 1 

I 0 

17 

o 

1876 .... ! 

8 16 

0 ; 

2 14 11 

i 

14 


1877 .... 1 

:i 19 

8 1 

2 13 7 

: 0 

If 

6 

1878 .... 1 

! 1 10 

0 i 

2 16 8 

; 

12 

7 


It is hardly credible that all the coal recorded was used on 
the frugal farm, and the probability is that the record was made 
to be included in a contra account with neighbouring cottagers. 

In modern times, when probably most farmers purchase 
annual supplies of carefully prepared and mixed grass see<lR for 

» 
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temporary leys, it is strange to record that only fifty years ago the 
basis of most mixtures were the sweepings of hay lofts with minor 
purchases of red clover seed added. The material on this subject 


is scanty, but the purchases of grass seeds for a few yc 
set out. 

Grast Seed Purchases. 

‘ars can be 


Qv antities. 

. 

(■ash Cost. 

Price per 
pound. 

1872. 

th. 

t: s. d. 

pence. 

Red Clover .... 

120 

5 0 

dh 

White Clover 

12 

n 10 0 

10 

Paces 

12.'> 

1 2 a 

2 

Italian ryegrass 

KMI 

0 \ti (i 

o 

Total 


:> 1 1 0 





\ Price pci 


Qvantilies. 

('ash (\^st. 

1 Ih. 


Ih. 

L s. d. 

pence. 

Red Clover .. 

Hi) 

2 .*) 1 

' 7 

Trefoil 

20 

0 (> s 

4 

'I’otal 

100 

2 12 1 


1875. 

Red Clover . .. 

I?t7 

II 10 

H 

White Clover ... 

18 

0 i:> 0 

10 

Trefoil 

12 

0 M 0 

i 

Total 

197 

1 .’) 0 10 

j 



i 




The White Clover referred to was probably the equivalent of 
the modern White Dutch Clover, and the mixture of clover was 
used with the abundant ryegrass in the sweepings from the hay 
lofts. 

The only other references to purchases of materials In the 
diary are for timber bought at local sales for fencing and repairs. 
An indication of these amounts can be given as follows : — 

Cash Coit. 



£ 

s. 

d. 

1872 

4 

14 

0 

1873 

2 

9 

0 

1874 

3 

5 

G 

1875 

8 

18 

9 
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The data in the diary are not sufficiently complete to enable 
a summary of total costs of farm materials to be made for in- 
dividual years to illustrate the comparison between then and now, 
but sufficient evidence has been given of individual items to 
appreciate the general conditions of the time. 

There is other information of a private character contained 
in the diary, such as an account of loans made and payments of 
interest and rent. But one entry is of particular interest at this 
distance of time. Apparently one of the farmer’s daughters 
married in 1872, and although the bridegroom was of respectable 
family, and a farmer’s son, he was not kindly received by the 
bride’s parents. 

Disapproval was registered in the small dowry, the details 
of which are entered faithfully in the diary. The entries read at 
follows, after some correction and translation. 


November 11th, 1872, — Gave money and things to Sarah. 




£ 

. 6 . 

d. 

November IHli 

(';isb to l)uy tliinjis at Aberayron 

n 

0 

n 

November mtb 

Tavli to buN tliiii^.s at Aberayron 

2 

0 

0 

November .‘lOtli 

Morgan. ('arj>enter, 2 eboirs 11 





and small table .... 

0 

17 

0 

November .MOtb 

Morjran. Carpenter, other small 





things 

u 

n 

0 

November noth 

Linenpress from the farm vahn* 

a 

{) 

0 

Novcmlier .‘lOtb 

1 eheeae — 18.5 lbs. 




Noveml>er flOtli 

2 Winehesters wheat ... 

0 

17 

0 

November noth 

2 lb. sugar and \ lb. tea 

0 

1 


Novem!)er .MOtb 

7 lb. soap 

{) 

2 

4 

November .‘{Otb 

1 loaves bread 

n 

i 

It 


Cash for small purchases 

n 

S 

7 

IS' 

.Tjinuxirv Hnl 

( arpenter — small things 

I'eather bed .58 lb. (a - 

0 

1 

n 

FebrimVy Iftth 

2 

18 

0 

Mattress do 

0 

12 

0 


Total ni 8 6i 


The cheese was not valued, but estimating it at 4d per lb. 
would bring the total to slightly over £20 in all. 

There may have been gifts of cattle or sheep, which are not 
recorded, but that is unlikely, because the tradition is that this 
old farmer dealt harshly with all his daughters, and bequeathed 
all his property to his sons. 

It remains finally to emphasise that the facts from this diary 
only indicate a few aspects of the conditions during this period, 
and it is to be hoped that many such documents will become avail- 
able and that they will be used in the process of building a true 
history of rural districts in Wales. Sufficient has been said here to 
iiulicate how vastly different were the business aspects of the farm 
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fifty years ago from what they are to-day. Prices of produce in 
the seventies were certainly better than they are in our modern 
thirties, and costs of labour and materials were more favourable 
to the farmer. Even up to 1885 there is no evidence of depressed 
conditions, except in the scale of wages and the living conditions 
of the countryside. From 1885 to 1900, however, was a lean time 
for Welsh farmers ; wages had risen slightly and prices of livestock 
were particularly low, and it is this latter period that is generally 
referred to in allusions made by rural folk to-day to the depression 
ill farming towards the close of the nineteenth century. 


AGRTCTTT/n IRA I. CO-OPKR ATTVE 
SOCIETIES IN WAIVES: A REVIEW OF 
THREE YEARS’ TRADING IN FARM 
REQTHREMENTS, 1980-81-32. 

By J. Glynne Wttjjams, B.Sc., M.S., 

AND 

Dokothy Davies, 

Uiiiversity rnlleiye, Al)f‘ryst\vyt}i. 


The period 1930 to 1982 was one of falling prices for 
agricultural commodities in general. It was a difficult period 
for agriculturists and therefore difficult also for the agricultural 
co-operative societies selling agricultural requirements. The 
limited purchasing power of the farmers together with the general 
difficulties of operating upon a falling market have certainly 
tested the strength of these organisations and their utility to the 
agricultural community. That so many of the societies have 
been able to maintain and in certain cases to increase their 
business is proof of their sound management and the confidence 
of farmers in their utility. 

The process of elimination of the weaker societies is clearly 
demonstrated in Table T. 

During the seven years 1926 to 1982 sixteen societies ceased 
operations. During the three years under review three societies 
ceased to function, whilst one society ceased to trade as a requisite 
society but its organisation was retained as a Live Stock Improve- 
ment Society. These societies were actually in liquidation at 
the commencement of the trading year 1980 and only the 
remaining 59 were in a position to carry on trade during the whole 
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of that year. There were no further liquidations in 19iJl or 1932 
in spite of the difiicult trading conditions. 

Whilst the total membership of the societies has been added 
as a further indication of progress, such a measure is by no means 
a satisfactory one. Many societies trade with non-members whilst 
others have a large number of members who do not actually trade 
with the society. It is satisfactory, however, that in spite of the 

TABLE I. 

Number of Societies Trading and Membership. 



i Ao. of 

Total i\o. 

Year. 

' Sorieticit. 

of Member^. 


' 

7.5 

' 

23,610 

l‘*27 

70 

22,967 

J92N 


22,362 

1929 

6;f 

23,783 

\m) 

: 63 

22,779 

J931 

; 

22,574 

1932 

;»}< i 

: I 

23,015 


decline in the number of societies there has not been any large 
decrease in membership of the movement as a whole. The main- 
tenance of membership with the decline in the number of societies 
can be j)artly explained by successful societies taking some of the 
responsibilities of the liquidated organisations. But in the case 
of one society which was liquidated in 1980 no society has yet 
undertaken trading in the area and the loss of membership and 
trade has been a total loss to the movement. Allowing for this 
loss, the average membership of the 59 societies still functioning 
has increased during the three years under review. 

There is a marked variation in the total turnover oi 
individual societies ; the society with the lowest turnover showed 
total sales of only £18 in 1982. The society with the highest 
turnover showed total sales of over £200,000. Table 2 shows the 
distribution of the societies according to turnover and the number 
of societies in each group recording net losses and net profits. 

During the three years all the IS societies with sales of 
£20,000 per annum and over consistently showed net profits. 
Obviously it is amongst the smaller societies that the weakness of 
the movement, as measured by low net profits or losses, is to be 
found. The disappointing feature of the Table is the increase in 
the number of societies with an annual turnover of between 
£10,000 and £20,000 which showed net losses in 1982. Two of 
these societies earned a gross profit of over 9 per cent, during the 
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year and their main problem appears to be one of careful control 
of trade costs. The remaining society showed net prohts during 
the years 1930 and 1931 when gross prolits amounted to more 
than 0 per cent, of total sales but during 1932 the gross profit 
earned fell to less than 4.6 per cent. Although there was 
a reduction in total trade costs this was not sufiieient to meet the 
reduced gross profit. All the net losses shown by these three 

TABLE 11. 

Grouping of Societies according to Total Sales. 
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societies were, however, less than one half of one per cent, of 
total sales and there is no reason to anticipate their failure. 
None of these societies showed consistent losses throughout the 
three years, only one showing a loss in 1930 and 1982. 

Of the remaining societies showing net losses only two showed 
net losses in each of the three years. One Society with annual 
sales of less than £2,000 has shown consistent heavy net losses 
and decreasing sales. The other society has also failed to main- 
tain its total annual sales and although its net loss in 1930 was 
only 0.3 per cent, of sales this had increased to 11.9 per cent, by 
1932. Whilst the aim of an agricultural co-operative society 
should not be to show a large net profit at the close of 
the financial year, societies which show continued net losses over 
a period of years can scarcely avoid financial difficulties. It is 
obvious from the Table above that the smaller societies do find 
difficulty in earning sufficient gross profit to cover the total costs 
incurred. The difficulty in such cases is to find suitable methods 
of reducing the trade costs, for many of these societies have little 
hope of increasing their turnover in their present financial 
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positions. As tar as the mo\ement as a whole is concerned it 
would be most unfortunate if these societies were liquidated and 
trade lost because farmers would lose their invested capital as well 
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as their interest in the agricultural co-operative movement. 
Where possble it appears that the logical procedure in dealing 
with these small societies is to arrange for some form of amalga- 
mation whereby greater economies in trade costs can be intro- 
duced. In certain areas this is quite possible and should be 
undertaken without delay. In other areas there is little or no 
} possibility of amalgamation, not because of opposition to the 
principle but because the society is in an area remote from other 
societies. In such cases if the small society fails a large aripa is 
left without any agricultural co-operative organisation, with the 
further difficulty that after one bitter experience farmers will be 
reluctant to offer any support to any new society which may be 
proposed. 

Reviewing the total sales of all the societies Table III shows 
that during the three years cash sales have been well maintained. 
The figures for the years 1926-32 have been given for comparative 
purposes. By using the Board of Trade Index Number for whole- 
sale prices the cash sales have been quoted as corrected sales to 
allow for the general decrease in prices. The column “ Total 
Corrected Sales ” shows that the estimated tonnage turnover of 
goods has increased every year with the exception of 1929.* Many 
of these requisite societies have undertaken the sale of produce on 
behalf of their purchasing members. Since 1920 there was n 
marked decrease in the cash sales of produce on behalf of members 
but recovery set in in 1931 and there was a great increase in 1932. 
But when allowance is made for the general fall in prices the 
corrected figure for produce sales shows a marked increase in 
total turnover of goods. 

It is only possible to give a detailed analysis of the 
“ requisites ’’ sales of 50 societies in the group. Taking these 50 
societies as representative of the group. Table IV shows the 
marked predominance of feeding stuffs in their general trade. 

The total sales of agricultural implements is certainly low 
and there appears to be much room for development of this 
particular type of trade. The general difficulty appears to be the 
reluctance of manufacturers to offer agencies to agricultural co- 
operative societies. It is true that a sales agency often carries 
the responsibility of maintaining a service agency for minor 
repairs of implements but there are many large societies in the 
group which could easily maintain such a service. This would 
be difficult for the smaller societies and it appears that the future 
possibilities of agricultural co-operative societies in Wales 
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securing agencies fur the large agricultural implement manu- 
facturers rests with the movement in general building up a series 
of large and financially strong societies scattered throughout the 
country rather than a large number of smaller independent 

TABLE IV. 

Claisification of Cash Sales of fifty Societies. 
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societies. “ Other Sales ” referred to in the Tabic include a 
variety of requisites such as groceries, drapery, coal and house- 
hold requisites. Fertilisers, though the turnover is considerably 
less than that of feeding stuffs, are an important part of the 
business of agricultural “requisite societies. Total cash sales 
of fertilisers have fallen consistently throughout the three years. 

In Table V the Ministry of Agriculture Index Numbers for 
Feeding Stuffs and for Fertilisers have been used to estimate the 
tonnage turnover of these two commodities. 

TABLE V. 

Sales of Feeding Stuffs and Fertiliaers by fifty Societies. 
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While the actual tonnage iigures are unknown, the approxi- 
mate eoin]>arativc Iigures arc : — 
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Although the cash sales of feeding stufls fell in U)8l, when 
allowance is made for the fall in prices the estimated total tonnage 
turnover increased sharply in 1931 and then slightly decreased in 
1932. In the case of fertilisers whilst the cash sales fell con- 
sistently the tonnage tu^no^ e^ fell in 1931 and increased in 1932 
though the increase was not as large as the decrease during the 
previous year. The results shown in this Table support the 
general opinion of agriculturists that farmers have tended to 
increase the use of concentrated feeding stuffs but have decreased 
the use of artificial manures. 

Produce sales have steadily increased since 1939. In Table 
VI the comparative figures for the three years are given. 


TABLE VI. 

Clastiiication of Produce Sales by Societies 1930-32. 
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Whilst this Table is of interest it would be misleading to 
accept the figures given as entirely adequate. Many societies 
arc obliged to undertake a small trade in the sale of farm produce 
to maintain trade upon a contra account basis. Owing to the 
nature of the transactions, a large number being small weekly 
items, adequate records are not kept and full information is not, 
therefore, available. But the interesting features of the Tabic 
are the innovations in 1932 of trading in livestock and market 
garden produce. The total transactions arc small yet they prove 
that certain societies are aware of the needs of their members and 
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are prepared to assist in new ventures in order to render service. 
Whether it is generally advisable that requisite societies should 
undertake the marketing of farm prcniucc is doubtful but when* 
there is a demand for an organisatioii to assist in marketing ol 
farm produce and the requisite society is prepared to do the work 
the experiment is, at least, worthy of careful consideration. The 
livestock sales were undertaken by a society which had nol 
previously undertaken the marketing of farm produce in response 
to a demand from its members. The society handling market 
garden produce had previously undertaken the sale of eggs. The 
marked decrease in the sale of eggs cainiot be wholly accounted 
for by the decrease in prices. After allowing for the fall in 
prices the total turnover’ in 1932 was less than in 1930. 

Although the number of societies trading has decreased 
steadily in recent years, the total number of i>ersons employed by 
all requisite societies has, during the three years under review, 
increased from 355 in 1930 to 374 in 1932. The average cash turn- 
over ]K‘r employee reflected the same downward movement as 
total cash turnover; but when, again, these figures are corrected 
for the fall in the general price level it is setni that, in volume, 
sales per employee have continuously increased. 

TABLE VII. 

Turnover per Employee, 1930-32. 


lH) 


Throughout the movement it is clear that each enqdoyee is 
being employed more efficiently in that each handled a larger 
tonnage in 1982 than in 1930. This is probably due to the 
liquidation of the smaller societies where labour was not used so 
efficiently. 

There is, however, within the group, a very wide distribution 
of sales per employee. Certain societies in the group failed to 

1 It should be borne in mind that the ejypr sales refer to sales by 
societies which arc mainly requisite societies and do nf)t refer to the total 
sales of eggs in Wales through co-operative organisations. 
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give definite information as to permanent employees but for the 
remainder of the group the following Table shows the distribution 
of sales per employee and also shows the number of societies 
within the groups showing net profits and net losses. 




In 1030 out of the 58 societies 35 had sales per employee 
between £2,000 and £8,999. Throughout the three years the 
modal group was 2,000 — ^2,999 though in the years 1981 and 1932 
there was not such marked concentration of societies at the mode. 
Of the societies showing a net loss at the close of the financial 
years the mode for 1980 was the £2,000 — £2,999 group, but for 
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the two later years it fell to the £1,000— €1,999 group. Tt is 
apparent that the lower the sales per employee the higher the 
])ercentage of societies showing a net loss. The one society showing 
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in 1980 soles per employee of 9,000 to 9,999 and making a net loss 
was then in financial difficulties and has now ceased to trade 
In reviewing the gross profit earned by the societies it should 
be borne in mind that the nature of the trade differs widely 
throughout the group. Many farmers measure the success of a 
society by the margin over cost price at which it sells, The 
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margin or mark up ’’ is not necessarily the same as gross profit, 
the latter always being the lower as the “ mark up must carry 
a margin to cover losses in storage, weighing, etc. The percentage 
gross profit earned by societies varies widely, two societies 
actually showing a gross loss^ during the jieriod under review. 
The society showing gross profits of 17 per cent, showed also net 
profits of at least 10 per cent, during the three years. The general 
practice is to earn high net profits and to distribute a dividend 
upon purchases at the close of the trading year. But high ffross 
profits are not necessarily associated with high net profits. In 
1 932 three societies with gross profits varying between 9 per cent, 
and 11 per cent, made net losses and even one society with a gross 
profit of 14 per cent, showed a final net loss. The larger proportion 
of the societies ofierated at gross profits varying between 5 per 
cent, and 10.9 per cent, of sales. During 1930 the modal group 
was 7 per cent, to 8.9 per cent, but during 1931 and 1982 the 
mode shifted to the range of 0 per cent, to 10.9 per cent. Informa- 
tion as to the distribution of societies according to gross profits 
earned, as percentage of sales, together with the number of 
societies showing net profits and losses, is tabulated above. 

The distribution of societies according to net profits -earned 
is shown in the Table below. 

TABLE X. 

Difttribution of Societies according to Net Profits earned in the jears 

1930-31-32. 
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The final statement of net profits earned by one society in 
1980 is not available. In spite of the liquidation of three 
societies in 1980, two of which failed to show profits, the number 

* i.e., showing opening stock plus purchases of greater anu^unt than 
sales plus closing stock. 
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of societies not showing a net profit in the year 1931 increased. 
Of the 55 societies showing a net profit in the year 1930, 37 or 67 
|>er cent, were in the groups below 3 per cent, and 41 or 74 per 
cent, in the groups below 4 per cent. Of the 51 societies 
showing net profits in 1931 only 27 or 58 per cent, were in the 
group below 3 per cent, and 37 or 72.5 per cent, were in the 
groups below 4 per cent. In the last year 48 societes show a profit 
and of these 29 or 60 per cent, show net profits of less than 3 per 
cent, and 36 or 75 per cent, were in the groups showing less than 
4 per cent. The number of societies showing a net loss increased 
from below 10 per cent, of the total number in 1980 to nearly 14 
per cent, in 1931 and to nearly 19 per cent, in 1982. 

With the variations in conditions of operation and the profit 
or loss results in view' it seemed desirable that an effort should be 
made to discover, if possible, some of the chief causes of 
differences in results. Hence a study has been made of the 
relations between — 

(1) a. Gross Profit as per cent, of Sales, b. Net Profit as per 
cent, of Sales. 

(2) a. Total Gross Profit as per cent, of Sales, b. Total 
Trade Costs as per cent, of Sales. 

(8) a. Total Trade Costs as per cent, of Sales, h. Salaries and 
Wages as per cent, of Sales. 

(4) a. Total Trade Costs as per cent, of Sales, b. Net Profits 
as per cent, of Sales. 

(5) a. Stock carried as per cent, of Sales, h. Net Profits as 
per cent, of Sales. 

The results of the analysis of the relations between these 
items are of interest although they are somewhat inconclusive. 
Gross and Net Profits, 

Table IX indicates that the amount of gross profits may have 
a considerable influence on the determination of the final result 
in profits or losses. The relationship, however, is closer in 1930 
than in the other years. In 1981 the amounts of net profits did 
not vary exactly with the gross profits, although most of the 
societies showing losses were in the group with the lower gross 
profits. In 1982 there was a wider distribution of the societies 
showing net losses. The degree of association between gross and 
net profits is shown by the coefficients of correlation r 
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While there was fairly high correlation between these items in 
1030 some other factors intervened in the later years, 
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Gross Profits and Trade Costs. 

In reviewing the total trade costs of the societies in the group 
it will be seen by the above Table that there is a wide variation 
between individual societies when total trade costs are stated as 
a percentage of sales. 

Iw each year the modal group was that with total trade costs 
between 4 [>er cent, and 5.9 per cent, of total sales. In 1930 88 
per cent, of the societies had total trade costs of less than 9.9 per 
cent, of total sales. In 1931 the percentage fell to 78 and in 1932 
it fell to nearly 74 i)er cent. It is obvious from the Table that 
there is a number oi societies with incr^^^ased trade costs relative 
to total sales. 

The statistical analysis shows a consistently high correlation 
in each of the years : — 


1980 

r - 

4 0.702 

1981 

r - 

+ 0.719 

1932 

r - 

-I 


The estimate of tra<le costs is one of the chief determinants of 
the margin of gross profits which will be taken, although according 
to the conditions of selling the actual margin may be made nar- 
rower or wider than is needed to cover costs. From the analysis 
of the records of 1932 it may be stated that when Trade Costs are 
taken at 7 per cent, of sales the gross profits will vary between 6.5 
and 10.9 j>er cent. Conversely, when Gross Profits are taken as 
10 per cent, of sales Trade Costs will vary between about 6 and 
10.2 per cent. 

Trade Costs, and Salaries and Wa^es, 

The larger proportion of trade costs consists of salaries and 
wages paid, and it will be expected that a close correlation will 
be found between these items. Table 12 sets out the grouping 
of societies on the range of salaries and wages. 

The modal group in each year was that varying between 8 per 
cent, and 8.9 per cent, but it will be seen that the amount of 
salaries and wages paid relative to turnover has tended to 
increase. In 1980 about 21 per cent, had a salaries and wages 
bill over 4.9 per cent, but this increased in 1981 to nearly 26 per 
cent, and in 1982 to 81 per cent. 

The coefficients of correlation are found to vary a little from 
year to year, but on the whole are high : 

1980 ... r = -f 0.869 

1981 ... r rr. + 0.864 

1982 ... r = -f 0.9006 
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Taking Salaries and Wages at 4 per cent, on the 1982 records 
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total trade costs will vary between 5.5 and 8.7 per cent, of sales, 



TABLE Xlll. 

Stock as per cent, of Turnover, together with Net Profits and Losses. 
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conversely, if total Trade Costs are taken at 8 per cent. 


'•c? .£ 


I* 






• S s 


• ^ 


< o 


I 


• S K 

'U 


r «Cs 


>'2 
< o 


■o'fc 
S “ 

o 4 ) a 

5 




— cc '-c — O’, r: ;c | ^ 




»— i CI 5 S 


*o »c I- or ^ ^ oi I * 


-- I I I 1 I 




— M*coaiW'^'S*<©c^‘o-<tcc»-'te 


> 

o 

cr. 0>7iCr. 0>9i0^C^0^0»0k0» 

C ->i €0 »ri «© tc oi O f-i (N cci 'g 

iiiiiuiju'n* 



86 The M'elsh Journal of AiJiriculiure, 

Salaries and Wa^^es will range between 8.7 and 5.2 per cent, of 
sales. 

Trade Costs and Net Profits, 

Strange as it may ai)i)ear, there is no close connection between 
total trade costs stated as a percentage of sales and final results 
in net profits or losses. The conditions of tra<ling and methods 
of organisation are so varied that many influences combine to 
determine final results. Trade costs must be amongst •^these 
influences, but the influence of this item is not sufficiently strong 
or direct to lend itself to direct demonstration. 

Stocks carried and Profits, 

It might be expected that relatively high or low rates of turn- 
over would have an appreciable influence on the final results in 
profits or losses. One measure of rate of turnover is the pro- 
portion of stock carried to total annual sales, but the only 
practical measure of stocks OM‘r a large number of societies is 
the mean of the stock-in-hand at the opening and closing of the 
financial year. Table 18 shows the distribution of societies 
according to jiroportion of stock carried statcxl as a percentage of 
annual turnover. 

The absence of any losses amongst societies with less than 4 
per cent, of stocks, except in 1082, may be noted ; and the 0 (?cur- 
rence of high jiroportion of losses with stocks of over 14 per cent, 
is remarkable. When societies begin to carry over 12 per cent, 
(tf stocks there is a very high risk of financial loss. But within 
the range of 4 and 12 per cent, of stocks many other influences in 
the general conditions of trading may over-power such direct 
influence as the proportion of stocks may exercise on the final 
result. In 1980 approximately 68 per cent, of the group had stocks 
less than 10 per cent, of turnover, whilst the corresponding figures 
for 1931 and 1982 respectively were 84 and 76 per cent. There 
is a marked difference between the j)roportion of stocks to turn- 
over in the societies showing net profits and those showing net 
losses. 

The statistical analysis shows that although a fairly close 
association between high stocks and low net profits may be 
expected, on the ground of the influence of cost of carrying stock 
and of depreciation of stocks, this expectation will not always be 
realised. There is a slight negative correlation between propor- 
tion of stocks to turnover and net profits earned, but it is too 
low to be reliable. 
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Average Percentage of Stocks to Turnover. 



Sot’iclicH 

Sue ic lien 


Shmrimf At'/ 

Shijirbnj A 


MrojiLs. 

Losses. 

Mm 

;.(»■ 

y.H 

lyai 

(».c 

10.9 

19.TJ 

J 

10.1 


A test of the association between proportion of stocks and 
gross profits has also been made, and while a slight jjositive cor- 
relation is found it is again too low to have any significance. 

It is difihcult to secure an adequate and satisfactory measure 
of trading efiiciency which may be applied to the trading results 
of agricultural requisite societies in Wales. Perhaps the most 
satisfactory is found in the maintenance of goods turnover. But 
even this fails as a true measure, for what is really required is 
not merely maintenance of turnover but maintenance or increase 
of the proportion of turuo\ er which they have held in the past. 
If there is a general temlency to increase total purchases of 
farm requisites in Wales and the moxement only maintains its 
turnover it is relatively losing ground. But at ])resent we have 
no measure of total jiurehases of farm requisites in Wales and 
therefore we have no measure of the pro})ortion of that turnover 
which is being lu‘ld by the agricultural eo-operativc movement. 
For it is possible when total purchases arc declining, although the 
total sales of the movement are also declining, it may be actually 
increasing its share of the total trade. 

Although the tabulate<l statements of gross profits and net 
profits shown by societies are of considerable interest to persons 
interested in agricultural co-o}»eration, they are no guide to 
trading efficiency owitig to the varying nature of the individual 
businesses and the <Iifferent policies of the committees of 
management. 

Perhaps the best guide nt the present time is the total trade 
expenses when stated as a percentage of sales. But again wc 
have considerable variation due to differences in services rendered 
by societies and to costs of financing trade. But as the general 
principle of the moA'cment is to supply members or purchasers 
with goods at a minimum increase in price over original cost, the 
society which is able to sell at a lower percentage increase may 
be described as the more efficient. 
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The actual service rendered by a co-operative society to the 
agricultural community in its trading area cannot be measured 
by its trading results or balance sheet. A small margin of profits 
must be earned but a reasonably efficient society operating 
in an area with the sole object of selling at the lowest 
possible economic price does materially afiect the price at which 
similar commodities are purchasable throughout that area. if 
any society succeeds in doing this it can be stated that it is 
successful and is rendering a service to agriculture of which there 
is no satisfactory measure. 


A COMPARATIVE STUDY OF PRODUCTION 
ON FARMS IN THE W ELSHI^OOL DISTRICT 
OF THE SEVERN VALLEY FOR THE YEARS 
1919 AND 1982. 

By A. L. Jolly, B.A., M.Sc., 

University College, Aberystwyth. 


During 1919 a survey ^ was conducted in the Severn Valley 
(Montgomeryshire); information was therefore available relating 
to the systems of farming pursued, stocking of the holdings, 
together with the amounts of various commodities produced. In 
1932 the area was re-surveyed and data were obtained whieh 
could be compared with those previously procured, whilst some 
additional information of a financial nature was obtained. Serious 
fluctuations in prices occurred in the interval, and farmers 
attempted to respond accordingly; and the degree, nature and 
rapidity of such responses are matters upon which information 
was sought. 

Of the 52 farms visited in the two years of survey, 80 holdings 
remain sufficiently comparable to be dealt with in this study. Of 
the other 16 farms eight were discarded owing to a change of 
tenancy within a year of .June 1982, while another eight were 
excluded on the score of considerable change of acreage. 

It is thought advisable to group the farms entirely on a siase 
basis, as that was the method adopted in the 1919 Report, and a 
simple, if not comprehensive, classification is most useful for 


^ Survey of Severn Valley by J. Pryse Howell. (UnpuhliRhed). 
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forming the primary background of the study. The classiiicatiun 
divided the farms into five groups : 

Ciroup 1 0 — .>U acres ( y Pariiis). 

C>roup IJ 50 — JOO acres ( 8 Farms). 

Group 111 .. JOO — l5o acres (10 Farms). 

Group IV ... 150 — *250 acres ( 7 Farms). 

Ciroup V ... ()ver*2.>o acres ( 8 Farms). 

The average acreage for each Group in 1919 and 1982 does 
not vary very considerably from one period to the other. The 
largest discrepancy, a decline of 3 per cent, is found in Group IV. 

TABLE 1. 

Characteristics of the Five Groups. 

Altitude 

i Acreage. % Arable. (1919). 


Group 

o. 

•> 

Oi 


O Owner- 
(frenpicr. 
19H2. 

1 



S 

Oi 


Ci 


! .g t 

I 


1 ' 

37.0 

36.7 

) 

20.0 ! 

8.9 

33.3 

> 386.7 

1 422.6 

II 


81.6 

25.7 

15.7 

75.0 

I 369.4 

! 382.5 

Ml 

HI. 3 

139.6 

2l.t 

I3.H 

60.0 

I 373.1 

1 377.0 

IV 1 

i 

188.2 : 

10.4 ! 

6.8 

12.8 

1 337.1 

345.4 

V 

829.9 

3*29.2 ! 

19.0 

13.*2 i 

12.5 

335.6 

i 330.8 


It is interesting to note the relation between the average size 
ol farms and the average altitude. In this district it is found 
that the larger farms are situated on the low land. 

The figures of the proportion of land in arable cultivation 
show that in no group does the 1982 percentage equal that for 
1919. The decrease is probably due to the re-assumption of a 
more normal proportion of arable land after the ploughing-up 
campaign of the latter years of the war. 


TABLE II. 


Stocking of Farms. (Average ^ 

[umber per Farm ) . 


Group. 

Hordes. 

Cat 

tie. 

Sheep. 

Vi 

qs. 


1919. 

19$i. 

1919. 

mt. 

W9. 19SS. 

1919. _ 

ms. 

T 

2.00 

n.m 

13.8.5 

32.67 

.39.00 72.00 

10.00 

' 22.00 

n 

6.63 

4.13 

*28.01 

40.51 

108.38 148.61 

9.88 

i 12.78 

rn 

9.30 

7.40 

1 43.40 

56.60 

152.50 190.60 

14.70 

12.00 

IV 

10.7*2 

5.72 

62.19 

1 80.42 

‘240.70 286.00 1 

88.14 

7,70 

V 

21.63 

10.18 

118.01 

I 125.18 

i 

482.30 407.76 

16.25 

24.18 

1 
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The jiumbers of horses have declined in all groups, except the 
smallest one. The slight increase in the numbers in Group 1 may 
be partly accidental owing to the small number of farms in the 
group; but it must be borne in mind that on these small farms 
the very considerable enterprise of horse breeding, for the district, 
can not be carried on to the greatest advantage ; as with the small 
farmer horse breeding is more a hobby than a matter of business. 

Under the heading “ work horses ” are included horses that 
are used for all working purposes; this naturally includes sbme 
of the horses used for breeding purposes to some extent as well. 
“ Other horses ” consist of stallions and other horses of various 
ages which are not used for working at all. 

TABLE III. 

Horses Carried. (Average per Farm). 


! 

roup. 

\\ or li Uorav-'. 

Of her UorHCtf. 

WJiK UlL'. 

n.nu, i9Sg. 

1 


I 

i 

2.00 

2.00 


1.33 

u 

.... j 

S.88 

2.T.5 

2.r.5 

1.38 

in 


,5.50 

4.(M) 

3.80 

3.i0 

IV 

Ei 

6.29 1 

i.29 

1.13 

1.13 


8.63 j 

5. 88 

13.00 

1.2.5 








The numbers of work horses have not varied to any great 
extent. When consideration is taken of the fact that mares used 
for working and breeding have probably decreased in sympathy 
with the trend in the numbers of those used entirely for breeding, 
it can be stated that the horse stock has not undergone any 
appreciable change. There has been a marked decrease, though, 
in the number of ‘ other ’ horses, except in the case of Group I. 
Since this heading indicates roughly the extent of thi. horse- 
breeding enterprise, no young horses being bought in either year, 
it seems that the amount of attention given to this enterprise has 
definitely decreased. The decline in h or se-bf ceding is due mainly 
to the lack of demand for horses in the towns, since motor 
vehicles have become popular. Many of the farmers of this 
district, which has a reputation for horse-breeding, have lost a 
considerable source of income with the declining demand for good 
horses. 

The sub-heading “ cows ” includes both cows kept mainly 
for rearing calves, and those kept for milking ; the differentiation 
between these two classes is by no means precise, especially on 
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farms where milk production was not u very specialised enterprise. 
The numbers of cows have increased in all groups, but by no 
means to an equal degree; in Group 111 the increase was in the 
neighbourhood of 3 per cent, while in Group IV (150-250 acres at 
low altitudes) it was 190 per cent. A more detailed analysis of 


TABLE IV. 



CattU Carried. 

(Average per Farm) . 





Slock over one 

Stuck 

under utK 

Grouif. 


'own. 

near 

uJil. 

year '>/d. 


r.tvj. 

i ly.ij. j 

lUltt, , 

. 

lyjy. 

■Si 

I 

I 

a.o: 

i ‘ 

S.(i« ' 

j 


3.68 

1 

8.00 

11 

7.88 

I6.:5s i 

i 

11. IV) 

10.7 j 

1 

III 

i l-i.io 

Ili.CiO 


lyjXH) 

15.10 

, 1-J.OO 

IV 

7 . 1:5 

; '^'2.11 \ 


U.IM.) 

9.iy 

; i;j.?i 

V 


i -.M.Mh : 

i 1 

sn.:)0 1 

J 

83. (H> 

15.13 

j 17.75 


these changes will be made w-hen the farms that have specialised 
in milk production have been segregated. 

Stock over one year old represents cattle to be fattened in 
the following season or which were in the process of being 
fattened. It is noticeable that numbers of stock in this class 
have increase<l, though not to an equal extent in each group. 
There seems to Ih' some degree of association between the 
numbers of cows and of stock over one year old ; groups which 
show only a small increase in cows tend to have the largest increase 
in stock over one year oUi. On the face of it it would seem that 
cattle fatteners ha\€ tried to intensify this enterprise. The 
trend, though, may have been exaggerated for two main reasons : 
first, that owing to the continued slump in fat stock prices during 
the summer of 1932 many of the animals have been held back in 
the hop of a rise in prices ; and secondly, that farmers may have 
been buying in younger store stock, and for that reason had more 
cattle of one year old and over on their farms. 

Numbers of store cattle, or stock of less than one year old, 
show relatively little change. The movements seem generally to 
be associated directly with the changes in the numbers of cows : 
the largest increase is found where there is the largest increase in 
cows. This may be due to the fact that the store stock enterprise 
has remaineed almost stationary in importance, and the increase 
shown has been due to heifers kept to replenish the dairy herds. 

Since no store sheep are bought in for feeding on these farms, 
the numbers of ewes give a reliable indication of the extent of the 
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sheep enterprise. Here again, however, is encountered the 
difficulty of assessing the effect of the decline in sheep prices 
during the year 1931-32. On most of the farms a large number of 
ewes were drafted out after the lambing season, a corresponding 
number bought in and only a few of the lambs were retained for 
breeding : most farmers considered the land unsuitable for keep- 
ing sheep on tiie a\'erage for more than one year. 


TABLE V. 

Sheep Carried. (Average Number per Farm). 


Group. 

Kwes. 

Other 

Sheep. 

Total. 


1919. 

1 

1919. 

1 19:1'. 

1919. 

19.1.\ 

1 


1 25.aa 

22.:ir, 

1 

1 16.4? 

.39.00 

72.(10 

11 


; 

63.38 

j 85.8.') 

1O.S.30 

148.61 

HI 

51). lU 

! 77.30 

93.40 

i 113..‘50 

1.V2..50 

190.60 

IV 

91.40 

lO.’i.OO 

1 H9.30 

j 181.00 

240.70 

286.00 

V 

172.20 

1 157.13 

1 

260.16 

1 2.50.63 

432.30 

1 

107.76 

1 


TABLE VI. 

Sales and Purchases of Ewes (1932) . (Average per Farm) . 


Group. 

j Eires bouffhl. ! 

Ewei^ 

i 

1 

.c 

S 

Average 
price per 
head. 

i 

1 

pifc 1 


O; fi- 

S -..■t 
J-.i; o 

■ 

i 


1 s. cl. 

£ s. 1 


1 s. d. 

1 X s. 

1 

12.7 

12 0 

27 1 

17.3 

' 35 0 

29 JS 

11 

26.9 

1 47 0 

63 0 

27.1 

47 0 

64 10 

in 

62.8 

1 .53 0 

166 10 

68.3 

61 0 

208 14 

IV 

70.0 

48 0 

168 9 i 

101.4 

36 0 

188 12 

V 

104.4 

j 42 0 

216 6 ' 

119.5 

39 0 

231 14 


The sales and })urchases of ewes in comparison with the size 
of the flocks are great. No measure of the profit made by the 
sale of ewes, howe^'e^, can be given, as no account is taken of the 
change in valuation of the flocks. There does seem, though, to 
be an indication that ewes were sometimes sold out at a higher 
price than that for which they were bought ; especially is this so 
in the farms at moderate altitudes i.c., Group III. It is custom- 
ary for farmers on these holdings to sell their ewes to the lowland 
farms after one lambing. This increase in the sale over the 
purchase price is to some extent masked by the general decline in 
sheep prices during 1981-82. 
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Pigs have not been in cither year a major enterprise in the 
economy of farms in this district. It is seen that the numbers of 
pigs kept have varied considerably. The variations do not seem 
to follow any very definite trend; there have been increases in 
some groups, while the numbers in others have declined. 


TABLE VII. 

Pigt Carried. (Average per Farm). 




Other 

PifJH. 

Total. Pigs, 


IQW, 


1919. 1 

lUSti. 

vjiy. 

i9:u. 

I 

1.67 

4.67 

1 

17.83 

10.00 

2V!.00 

11 

1.25 

2.50 

8.18 1 

10.28 

9.3S 

12.78 

111 . ; 

2.80 

1.70 

1 12.40 

10.80 

14.70 

12.(K> 

IV .... 1 

5.00 

1.29 

1 88.40 

6.48 

i 88.40 

I 7.72 

V .... 1 

1.75 

i 

j 8..50 

1 14.50 I 

1 1 

60.6.8 

16.25 

1 

1 24.18 


Production. 

The total value of production has declined, largely as a result 
of changes in prices, but these require analysis with the changes 
in the nature of the products. 


TABLE VIII. 

Total Production. (In £’s per Farm). 


Group. 

A ruble 

hand . 

Ijivcatoch and 
LiveBtock 
Products. 

ToM 

Products. 


1919, 

19/}^. 

1.97.9, 

1 1932. 

1919, 

1 ma. 

I 

19.2 


400.<J 

j 875.8 

419.2 

! 

! 875.8 

11 

92.7 

7.7 

630.8 

456.6 

723.5 

i 464.3 

111 

64.8 

3.4 

778.4 

1 541.2 

848.2 

' ,'>44.6 

IV 

51.0 

15.9 1 

1 186.3 

1 62.5.0 

1189.3 

' 640.9 

V 

278.0 

i 

1733.0 

1 113T.7 

2011.0 

i 11.50.5 

I 


Some of the farms have specialised in milk production since 
1919. In order to define these farms a minimum proportioji of 
"Ji5 per cent, of milk in the total sales in 1982 was taken, because 
that figure included all farms that appeared to have made a 
radical change. Seven farms in all come into this category — one 
from Group I, three from Group II, and one each from the other 
three Groups of the original classification. 

The remaining 29 farms were re-classified on u size basis. 
The reason for the revision of the classihcatioii of these farms 
was that under the new arrangement each of the new groups 
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contained a mure regular number of farms, and that the acreage 
iimits of each group were more clearly defined when all the farms 
were arranged categorically. The classification arranged the 
farms in four groups : 

(i) Milk Farms Grout) (those farms that have specialised in 
Milk Production). 

(ii) Smallest Size Group (0 — 100 acres). 

(iii) Medium Size Ciroup (iOO — lio acres). 

(iv) Largest Site (iroup (Over Wo acres). 

TABLE IX. 


Characteriatica of Groups. (Average per Farm). 



Milk Fanut:. 
a roup. 

Small (‘.it sizi' 
Group. 

M (‘ilium iiizc 
Group. 

Largesi .size 
Group. 


19W. 


W19. 1 

1919. 

193::. 

1919. 


Number of 



1 





Farms 

Vltitude (ill 
feet above 

•3 


7 

1 

1 


11 

sea level) .... 

366 

371 

346 

356 

% Arable Land 
Rent per .Acre 

1T.9 

r.8 

28.1 1 1T.9 

19.5 

10.3 

16.1 ^ 

13.4 

(shillings) .... 

28.8 

35. () 

33.6 1 34.0 

1 

27.0 

29.6 

28.0 

:ti.o 

. 


The most notable change is in the increase in cows in the 
Milk Farms Group. In other groups cows have tended to increase 
slightly, but in no very marked degree. Whereas in the Milk 
Farms Group the number of stock over one year old (fattening 
stock), have been reduced by about one-third, the numbers in this 
class have increased consistently in the other groups, the greatest 
increase is found in the Medium Size Group. In the case of stock 
under one year old (store and young stock), no material change is 
to be noted. 


TABLE X. 

Cattle Carried. (Average per Farm) . 



Milk Farmn 
Group. 

Sniallc^l nize 
Group. 

1 M<‘(lium nize 
Group. 

! fjargrft nisr 

1 Group. 


1919. 

1 ma. 

1919. \ 

1 

1919. 

ms. 

1 7919. ! 

1 19.1.t. 

(\)WS 

Cattle over 

7.4.1 1 

[ 

29.. 57 

1 

7..57 1 

1 

i 

s.oo 

1 

10.91 1 

10.91 

13.91 1 

1 

1 23.09 

1 

1 year 

Cattle umler 

20.11 ! 

! 1.3..J7 

9.00 1 

11.71 

1 11.29 

21.91 1 

.38.82 

HI. 09 

73.18 

1 19.09 

1 year 

10.29 1 

1 

1 10.29 

1 

8.57 

1 

1 

12.54 1 

1 1 

11.18 

15.64 

1 

L 
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With the exception of the Milk Farms Group the value of 
production has decreased by approximately one-half ; there is a 
decrease of 60 per cent, in the Smallest Size Group, while in the 
other two groups the decrease is 44 per cent. 


TABLE XI. 

Total Production. (In £*» per Farm) . 



Milk Famit 
Group. 

Smallest size 
Group. 

Medium size 
Group. 

fjargesf size 
Group. 


1919. 1 1952. 

1919. 1 

1919. 

I9S2. 

1919. 

19SS. 

Arable Land 

42.1 1 — 

1 

S.'i.O ! 8.(5 

in.2 

3.1 

218.9 

19.4 

Livestock ami 
Livestock 
Products 

1 

1 

8*7.2 1 834.0 

1 

i 

1 

532.8 I 21T.2 

1 

831.1 

.‘>25.9 

1579.0 

1 

977.4 

1 

Total 

1 

[ 


. 

1 1 


Production 

] fiSS.O 1 834.0 

! J 

62T.9 I 22.kW 

! .1 

fU*i.3 

' .*>20. n 

1. 

! 1797.9 1 

i 1 

I 996.6 

1 


The market production, that is the sales, of grain have 
decreased to practically a negligible figure, while clover-seed has 
decreased to some extent also, except in the Largest Size Group ; 
the explanation of this latter fact is probably that only the largest 
farms retain a sufficient acreage of arable land to include in it 
one shift of such a specialised and uncertain crop as clover-seed. 


TABLE Xll. 

Arable Land and Livettock Producti. (In £’• per Farm) . 



Milk Farms 
Group. 

Smallest she 
Group. 

Medium size 
Group. 

Largest size 
Group. 


1919. 

1 19,52. 

1919. i 

o: 

1919. I /93j?. 

1919. 

mi. 

Arable. 


i 

1 


! 



Clover Seed ..., 


1 - 

21.3 : 

0.8 

17.5 1 -- 

9.0 

10.1 

Grain 

t2.1 

1 - 
1 

73.7 ! 

1 

7.8 

93.7 1 3.1 

1 

209.9 

9.8 

Total 

12.1 

1 

~ 1 
95.0 ! 

! 

8.6 

1 

111.2 1 3.1 

1 

218.9 

19.4 

Livestock. 


1 

1 


1 



Wool 

18.0 

1 6.4 

11.4 1 

6.2 

26.8 1 18.0 

58.2 

16.8 

Milk and Dairy 


1 

1 


1 


1 

Produce 

69.9 

1 454.9» 

.1 

46.9 1 

1 

.... 

38.7 1 19.0 

1 

121.9 

j 97.9 

Total 

87.9 

1 461.2 

i 

Hft.fl 1 

1 . 

6.2 

65.0 1 32.0 

J 

175.1 ' 

1 114.7 

L^._ 


* Mainly Milk, 



40 


The Welsh Journal of Agriculture* 


The value of wool produced has declined in all groups ; but 
to a more marked degree in the Larger Sis&e Groups, Except for 
the Milk Farm Group, the value of milk produced has declined 
also. This decline may be attributable to the tendency towards 
specialisation for milk production, for while the largest producers 
have definitely increased their output in 1982, in other cases out- 
put has diminished. 

Livestock contributes by far the largest part of the pro- 
duction. This is the case in all groups in 1919 and all except the 
Milk Farms Group in 1932. 

TABLE XIII. 

The Relative Importance of Livestock. 


Percentage <>/ 
Production 
contributed 
by 

Milk Farms 
Group, 

l^maUesI she 
Group, 

Medium nize 
Group. 

Ijarye.st size 
Group. 

1^9. 

1932. 

1919. 

1932. 

1919. 

1932. 

1919. 

1932. 

Livestock 

85.4 

44.7 

73.G 

9S.1 

" 

81.3 

93.1 

78.1 

8fi.5 

Livestock 

Products 

9.9 

50.3 

9.8 


8.9 

«.o 

9.7 

n.r) 

Arable .... | 

4.T 

— 

15.1 

.*1.8 

ii.a 

O.fi 

12.2 

2.0 

Tofnl 



10(1.0 ! 

1 

i 100.0 



100.0 1 

1 

100.0 

1 

loo.o 1 
1 

1 

lOO.U 

_ — 0 

lOO.O 1 

1 

r ■ ■ 

100.0 


With the exception of the Milk Farms Group there has been 
a tendency to concentrate more on livestock production in 1982 
than was evident in 1919. In the earlier period the importance of 
livestock was practically uniform throughout the three size groups, 
whereas in the later period the smaller groups concentrated more 
on livestock than the Largest Size Group. This is in i)art due to 
the sales of milk which increase the relative importance of live- 
stock products in this group. 

The total value has diminished considerably in all groups. 
As this is the case and the individual components of the total 
have all diminished also, the comparison of the percentages 
which each represents of the total is the clearest method of 
studying the figures. 

The production of sheep has been practically of equal relative 
importance in both years and in all groups. 

Cattle show a marked increase, except in the Milk Farms, in 
1982 over 1919. This could be caused by two factors : first that 
the actual production of cattle relative to other livestock had 
increased, and second that the decrease in pigs had lowered the 
total production so that cattle are given an increased significance! 
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TABLE XIV. 

Value of LiTestock. (In £*» per Farm). 



Milk Farms 
Group. 

Smallest size 
Group. 

M edium size 
Group. 

Largest me 
Group. 


1919. 

1 losa. 

1919. 

19,1^. 

1919. 1 19S.^. 

1919. 

1 19Sg. 

Sheep 

207.5 

I ' 

137.4 

150.6 

69.8 

24«.] 1 179.1 

515.6 

! 

218.2 

Cattle 

343.6 

1 138.1 

216.1 j 

133.3 

tii.4. 1 3n.').a 

730.5 

594.4 

Pigs 

208.5 

j 102.3 

107.8 j 

I 7,9 

lUO.R 1 »..5 

1 

157.8 

55.0 

i 

ToUl 

759.6 j 

1 372.8 

474..‘> 1 

1 211.0 

! 

! 

766.1 488.9 

i 

1403.9 1 

1 

862.7 

! 


Percentage contribuieii by Sheep, Cattle, and Pigs p^er Farm. 


Sheep 

I i 

27.3 

1 

36.9 

31.7 

1 

38.1 

1 

32.4 1 

1 

.•)6..3 

86.7 1 

1 24.7 

Cattle 

1 45.4 

1 85.7 

45.6 

63.2 

53.7 j 

61.8 

52.1 

1 68.9 

Pigs 

i 

27.3 

27.4 

22.7 

3.7 

i 

13.9 1 

1 

1.9 

I 

11.2 1 

6.4 

1 

Total ! 

1 





i 

1 



[ 

Production j 

100.0 1 

1 

lOd.o 

1 

100.0 1 
1 

j 

100.0 ! 
j 

100.0 

’00.0 1 

1 

I 100.0 

1 


Since the production of sheep remained practically constant, the 
increase in the proportion of cattle production is due in some 
measure to both these factors. The decline in the importance of 
pigs relative to the whole is not unexpected when account is taken 
of the numbers of pigs kept on farms in the two years. 


TABLE XV. 

Pig* Carried. (Average per Farm). 



Milk Farms 
Group. 

Smallest size 
Group. 

M edium size i 
Group. 

Largest site 
Group. 


1019. 

1 mg. 

1919. 1 

mt. 

1919. 

1 1.9.5?. 

1919. 

1 7.9.5J. 

Breeding Sows 

2.00 1 

r 

8.86 

1 

1.14 

1.43 

3.64 

1 

1 1.64 

2.18 

1 

2.82 

Other Pigs .... 

11.86 1 
1 

1 19.43 

[ 

i 

8.00 

6.57 

1 

21.73 1 

1 9.91 

1 

16.73 

14.18 

1 

Total 

13.86 1 
1 

^ 28.29 

9.14 

1 

1 

8.00 

1 

25.37 

1 11.55 

18.91 

i 

1 

17.00 


In all of the three size groups the numbers of pigs have 
declined to some extent. The decrease in the numbrs of ‘‘ other 
pigs has contributed mainly to the decline in the total numbers, 
while the numbers of sows have declined only in one group. This 
circumstance points to the fact that though the numbers of pigs 
have declined, the potential size of the enterprise, as represented 
by the number of sows, does not show any marked diminution, 
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The Influence of Price Changes in the Estimation of Production. 

With the exception of milk, no enterprise shows an increase 
in value of production in 1932 in any one group. The values of 
production as stated above do not, however, give an indication 
of the relative quantities produced ; as in a period of low prices a 
farmer may increase the volume of production on his holding 
without necessarily increasing the value of it. 

In order to obtain some measure of the price variation 
between the two years, an index number of prices has been con- 
structed The index number is presented as follows 

index of Prices of Products sold off Farms. t 
inO.O. 1982: 64.84. 

The prices in 1982 were on the average a little less than two- 
thirds of those in 1919. It follows from this that if the values of 
production were the same in the two years the quantities pro- 
duced in 1982 would have to be on the average more than one and 
one-half times those of 1919. 

TABLE XVl. / 

The Index of Physical Quantities by Production. 




19V', 


Total Value of Production (£*r per 
Farm) 

Index of Prices 

Relative Physical Quantities of Pro- 
diictiont 


1,101.5 

1,000.0 


1 . 101 ,.') 


499.2 

0.6181 


769.9 


t Calculated by dividinip: value of prodiu*tion by indices of Prices. 

A comparison of the 1919 and 1982 figures of the value of 
total production and of the index of physical quantitites, indicates 
that the decrease in the value of production tends to be exagger- 
ated by the changes in prices- The large fall in the value of 
production in the three size groups was due more to the fall in 
prices than to the shrinkage of actual production ; for instance, 
in the Medium Size Group the decrease in the value of production 
was 44 per cent., whereas the decrease in the quantity of pro- 
duction was only 18 per cent. 

2 The .statistical method used in computing.? this number is based upon 
Fisher’s formula, since that is the most accurate for a comparison of prices 
in two years only. The prices of the commodities sold off these farms were 
weighted by the physical quantities produced. The index number is there- 
fore a special one for the prices of commodities produced on these farms, 
and it should not he construed ip any wider sense, 
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Adjusted Values. 

An alternative method of assessing production with the price 
influence eliminated is, what may l)e termed, that of the adjusted 
values. The principle of this method is to estimate all values 
of production at the price of the base year. Thus the values of a 
commodity in the given year is divided by its relative price in 
the base and the given year. This methcxl has the advantage 
over the physical quantities in that the adjusted values of various 
commodoties can be compared with each other. This calculation 
does not claim to forecast the value of production in the given 
year if prices had remained constant ; it is rather the expression 
of the value of production at a constant price. 

TABLE XVII. 

Livestock Products. 

(Value of 1932 Production adjusted by relative prices. In £'s per 

Farm) 


i 

1919. 


i 

.\vrrag(' Price of \V<k>1 (Pence per lb.) .. | 

18 

\ 

Kelativo FMce ... ... .... .... 1 

l.OfK) 

i 0.41 T 

Avernjrc Price of Milk (Pence per •rallon : ! 
lO.S lb.) i 

174 

i 101 

Helnlive Price 

i 

1.000 

0.5R.^ 


* For nctual vahu* 1M2 see Table XII. 



! \filh 

Vanti^ 

Smullesi ithv 

Medium size \ 

Lnnfcst size 


Group. 1 

Group. 

(a roup, 1 

Group. 


/979. 1 

1 

1919. 1 /.W. 

1919. 

1 WSf!, 

1919. 

19S:^. 


1 

.£ ! 

.£ 

1 

£ \ £ : 

£ 1 

1 

j 

£ 

Wool 

Production 

Milk 

IB.O 1 

1 

1 i 

ir>4 

1 

\ 1 

11.4 1 /!.!» 

1 

1 

2fi.3 j 

1 

\ 

53.2 

! 

iO.fi 

Production 

1 

1 

’ 777. i 

44».9 1 

1 

I 38.7 j 

1 

121.9 1 

1 

1674 

1 

Total 



p-- 

1 6.5.0 j 

1 


1 

Livestock 

87.6 

792.8 

.w.:t 1 14.9 


fiR.7 

17.5.1 1 

207.7 

P ecuction 



1 

1 

L 

1 

t.. 


Compariaon of Production on the Basis of Adjusted Values. 

The production of wool has not decreased and milk production 
in the three size groups, too , has not changed to the extent 
indicated previously. With the exception of the Smallest Size 
Group it appears that the small producers of milk have practically 
maintained their output. The increase is partly the result of farms 
selling milk in 1982 which did not sell milk in 1919. 
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Ara))le land production has declined to a small fraction of its 
1910 N’oliime consistently throughout all groups. The sale of 
clover seed has been reduced to an almost negligible amount, and 
only in the Largest Size Group is it nearly equal to that of 1919. 
The sale of grain has declined to an even more marked degree. 
It has been shown ^ that the proportion of arable land has 
decreased on the average by about one-half. The contraction in 
the arable acreage accounts in some measure for the decrease in 
the sale of arable products, but it can not account for it entirely. 


TABLE XVIII. 

Arable Land Production. 

(Values in 1932 adjusted by the relative prices. In per Farm). 



M ilk Farm a 

(ironjt. 

fsmjallciil sh(‘ 
(rroup. 

Modintn size i 
(h'OVp. ' 

harifcn! ahr 
(trvup. 


lUlfK 

1 

1919. ! lOfi^L I 

- 1 I 

1919. 1 r.9.??. j 

1919. i 19:i?. 

1 

('lover Seed . .. 




i 21.8 1 O.c 

17.5 ' 

1 1 

1 9.0 1 7.* 

Grain 

42.1 ! 

1 

I 

1 78.7 1 n,.!i 

I i 

93.7 1 r,..: i 

I 

209.9 ! 19.0 

I 

'total Arable 

1 

1 

L... 


i 

1 

I ■ 

Produrtiori 

42.1 1 

1 

1 - 1 

1 i 

i 95.0 1 u.r, 

' 1 

ni.2 1 

' 1 

219.9 i 

... 1 


In the case of the production of grain, the decrease in the 
percentage of arable land is probably not the main cause of the 
decline in production. The prices of purchased feeding stuffs have 
until recently remained relatively high, and the prices of grain 
have been low. The heavy decline, then, in the volume of grain 
sold is probably for the most part due to the increased use of 
crops for feeding purposes. 


TABLE XIX. 

Livestock Production. 

(Values in 1932 adjusted by the relative prices. In £*s per Farm). 


i 

1 

Milk Fartna 
Group. 

Smallest she 
Group. 

M odium, sizo \ 
Group. 

Lnrfjost .^hc 
Group. 


1919. 1 

1 19S^. 

1919. 1 19S!?. 

1919. 1 ]9St. 

1919. 1 19,97. 

.Sheep 

207..5 i 

1 

1 

150.6 1 r.?6.{ 

1 

249.1 1 Se9.1 

1 

515.6 1 m.x 

Cattle 

343.6 1 

159.7 

216.1 1 leo.n 

411.4 1 .766.4 

730.5 1 719.Ji 


209.5 1 

1 

1 toi.n 

107.9 1 1.5.6 

1 

106.6 1 19.7 

1 

1.57.8 1 103. { 

1 

Total 

Livestock 

1 1 

759.6 

\ 

6U.0 

! ■ 

474.5 1 m-0 

1 

766.2 1 7U.t 

I 

1403.9 |l214.1 

Production 

' 1 


1 


5 S(^ Table TX, 
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In the Milk Farms Group the value of cattle production has 
declined, while that of sheep has increased slightly. The produc* 
tion of pigs in the Milk Farms Group has remained practically 
stationary, whereas in all other groups it has very materially 
decreased. This maintenance of the pork and bacon enterprises 
against the total decline of these farms may well be traceable to 
the increase in milk production, and the joint nature of the two 
enterprises. 

In the other three groups there has been a decline in live- 
stock production, the most marked change (of 35 per cent.), being 
in the Smallest Size Group. The unusually heavy decrease in this 
latter group is mainly attributable to the decline in pig produc- 
tion ; this section makes up more than one-half of the total. The 
marked contraction, then, in the Smallest Size Group may be of 
a temporary nature, owing to the continued low price of pigs, 
which had led to the slowing down of this branch of production 
until prices recover. It should be noted that although the 
number of other pigs as shown in Table XV have declined, the 
numbers of sows, and therefore the potential productivity of the 
enterprise, have increased slightly. It is significant, however, that 
in this group there has been an appreciable decline in cattle 
production. This may well be a contraction of a more permanent 
nature, and be due to farmers definitely taking steps to reduce 
their production. 

In the Medium and Largest Size Group the sum of sheep and 
cattle production has not changed very materially ; it is true that 
in the former group there is an evident decline, but then it must 
be remembered that the acreage of holdings in this group has 
d':^clined by 3 per cent. 


TABLE XX. 

Summary of Production. 

(Values in 1932 adjusted by relative prices. In £'f per Farm). 




Milk 

Fanout 

1 S mailt 

•>*/ stizc 

Mrdiui 


Largestf mr 


Croup. 

Croup. 

Cro 

up. 

1 Group. 


1919. 

1 ms. 1 

1 1919. 

1 wsi. 

ms. \ 

ms. 

1919. 

1 mt. 

liivestock 

] 


17 1 

1 

1 .?(){.() 

1 

7 ()(».! i 
1 


! 

MO.^,9 

1 

1 

1 ISI/,.I 

l.ivoKtock 

Products 

Arable 

ST.fi 1 
42.1 1 

J 

! 797.S 

:>R.a 

9.’).0 

1 1.^.9 

! tn.r, 

1 

1 

()5.0 1 
111.2 ! 
1 

Cfi.7 

c.r, 

17.5.1 
218.9 ! 

1 

1 S07.7 

1 ffi.? 

Total 

Production 

1 

1 

\ VfOn.s 

l»27.« ! 

J 

1 

<)12..‘? 1 
J 

7S',.!2 

1 

1T87.9 

_..J 
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The volume of production has tended to decrease, but it is 
evident that it has not decreased to the extent shown in the 
comparison of values of production irrespective of adjusted values. 
The Milk Farms Group is the exception to the general lowering 
of out])ut ; in this group farmers have effected an increase in 
production of some 58 per cent. 

Production in Relation to Expenses. 

The survey of 1919 was not directed to discovery of profits 
of farming. Expenditure covers only the main items, and the 
present comparison is limited to these.^ The charge for labour 
is on the average the heaviest item. Rent per farm increases 
progressively in importance from the Smallest to the Largest 
Size Grou]n The proportion that the purchase of feeding stuffs 
bears to the whole remains fairly constant throughout the three 
size groups, except that in the Milk Farms Group 1932 it is 
exceptionally heavy. 


TABLE XXL 

The Principal Items of Expenses. 

(Expressed as ‘V) of Total Expenditure; average per Farm). 



Milk Farim 
Croup. 

Smallesi size 
Croup. j 

Medium size i 
Croup. 

Large si size 
Group. 


1919. 

1 193ir. 

I 

1919. 

1 

1919. ! 19 fit 

1 

ms. 1 

793,?. 

Rent 

31.4 

I 81.7 

31.8 

1 82.5 

i 

.86.0 ! 86.8 

17.1 ( 

47.9 

l^abour 

4-0.9 

31.2 

45.1 

1 45.7 

ii.s 1 .-Wi.;! 

29.4 1 

28.0 

Feeding .Stuffs 

22.9 

38,9 

17.8 

1 18.8 

18.4 1 21.8 

29.7 ! 

20.5 

Manures 

> 4.8 

3.2 

6.5 

1 :(.n 

1 

.1.8 1 .1.1 

1 

8.8 1 

1 

3.6 

’lotal .... ! 

100.0 

100.0 

100.0 

1 

1 100.0 
L 

100.0 1 100.0 

1 

i 

100.0 1 

1 

100.0 


(7n I''» per Farm). 


Rent 

165.0 

1 214.9 

121.6 

1 

1 122..-> 

201.0 

1 

1 2‘i5.7 

428.1 1 

453.4 

l^ahour 

214.5 

1 211.4 

174.9 

i 172.4 

288.4 

1 222.8 

.184.8 1 

265.0 

Feeding Stuffs 

120.2 

I 229.2 

66.4 

1 70.9 

102.8 

188.8 

.889.0 ! 

194.7 

Manures 

25.1 

1 21.9 

25.3 

1 11.8 

21.7 

J 

81.8 

48.4 1 

1 

88.9 

1 

'rntal 

I 524.8 

fiTT.4 

1 

388.2 

1 .177.1 



.558.9 

! 

618.1 

1 

1140.3 1 

917.0 


^ Expenses comprised of Purchases of Feed and Manures, char^res for 
Rent and charges for Liihour. Charges for Rent were estimated in the case 
of Owuer-occiipiers from rents of similar tenant-farmed holdin#?s. rhar^res 
for I.nhour were <*nlcnlated regardless of whether the labour was hired or 
suppli('d by the family. In the case of family labour, the a.ssuined wages 
paid were taken at the current rate for hired workers. No eharge was made 
for wages of management ; it was assumed that management of farms in 
the two smaller size ,groups occupied the time of one man, and in the 
Largest Size (rroup and the Milk Farms Group it occupied the time of 
l..*i men. 
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In the Milk Farms Group the total charges have increased 
by per cent. Two-thirds of the increase is accoimted for by 
purchase of feeding stuffs. Such is the natural consequence of 
the farms turning from Cattle and Sheep to Milk Production. The 
rent payments of the farms in this group have accounted lor 
most of the remainder of the increase in the total expenditure. 

Rentals have shown no tendency to decline. The total pay- 
ment for rent on farms in all groups has increased. The greatest 
increase in this item is in the Milk Farms Group; in the three 
size groups there has been a tendency for rent payments to 
increase to a greater extent in the larger than the smaller groups. 


TABLE XXII. 
Rent. (£’s). 


Rent per Farm 
Change in 
1982 

per 

U)0 Aeres .... 
Cliangp in 
1932 


Milk I'anua fimaUvxt »izt' Medium aize j Largrid size 
Group, I Group. Group. | Group. 


rjiu. 


HJlff. 


j 19llf. 

;9.«. 

i9iy. 

m.:. 

10*5.0 

2U.9 

121.6 

m.:> 

L'OI.S 

a25.7 

423.1 


1 

30,2 

— 

0.7 

... 

1.2 

— 

7.1 

18i.5 ' 

1(>2.H 

1 

166.3 

172.1 

! 137.9 

152..-) 

140.6 

l;ji.2 

1 


1 

I 2I.(» 

L . 

i 

J 

3.7 

1 

! 

J0..‘) 

— 

1 

9.7 

1 


The general increase in rentals in the first place, is probably 
due to the lag between agricultural prices and the amount of 
this payment; in 1919 rents had probably not risen relatively as 
high as prices, but rents and rental charges rose in the interval, 
and in 1932 they still remained at a comparatively high level; 
thus the rents in 1982 may be higher than in 1919, while the 
level of agricultural prices is considerably lower. 

It does seem that the increases in the rents are related to the 
numbers of owner-occupiers ; for as the numbers of owner- 
occuf»iers decrease so the increase in rent becomes greater. In 
the case of the Milk Farms Group the rents have riseii consider- 
ably more than in the other groups, both in rents per holding and 
per 100 acres. There appears to be two reasons for this notable 
increase : first, that farmers who specialised in Milk Production 
have required or been able to increase the size of their holdings ; 
the increased demand for land has probably increased the rents 
the owners demanded for it; and secondly, that a large part of 
this increased demand was for the better land, the rent of which 
would normally be above the average of the original Milk Farms. 
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TABLE XXlll. 
Labour and Wages Charges. 



Milk Fannif 
Group. 

Sniallcifl sizr 
Group. 

M edi u ni sizr 

1 Group. 

ljary€$l «ue 
Group. 

Expenditure on 
Wages (in £'s 

I9VJ. 

i WJii. 

\ 

1 1919. 

[ 17i.‘J0 1 

1 VM. 

1 .. ; 

1 

j 1919. 

1 

1 im. 

1 

1919. 

\ 

1 

1 

i 

1 

per Farm) .... 

“ Man Tnits ’* 
employed 

lii t.:)0 

211.40 


172.40 

2;{;{.io 

j 222.60 

334.80 

^6.5.00 

(per Farm) .... 
b'xpciiditure on 
Wages (in £’s 

3.30 

2.71 

2.69 1 

2;i8.H0 j 

2.21 

1 

2.88 

5. 15 

6.43 

per 100 Acres) 
Man Units 
employed (per 

174.40 j 

15*0. 10 


212.80 

158.80 

1 

150.20 

110.90 

90.10 

loo Acres) .... 

2.65 1 



2.0.) 

1 . 

:i.72 

.*{.11 

2.4-1. 1 

. J 

1.95 

1.71 

1.16 


Labour. 

The charges for labour have decreased in all groups.^ This 
item is calculated on the assumption that one “ man unit 
whether of hired or family labour, receives the standard minimum 
wage in cash. The decline in the cost of labour is not remark- 
able as the rates of wages have fallen, but amount of labour has 
also diminished. It is probable that this item is the one that 
rankles most in the minds of farmers; this is not only because 
wages are relatively high, but that the farmer thinks that they are 
unjustly high, and thus makes him consider the reduction of his 
labour expenses. 

There appears to be a relationship between the decrease in 
charges for labour and the extent to which family labour is 
employed : as the proportion of family labou;r decreases so the 
reduction of the amount of wages paid in 1932 over 1919 increases. 
Farms employing a large proportion of hired labour have been 
able to economise in this item to a greater extent than those farms 
with a high proportion of family labour. These figures of the 
payments in wages, though, are in some respects empirical, since 
they are calculated on the assumption that family labour is paid 
the full wage of the hired worker in cash. This is not, generally 
speaking, the case as members of the farmer’s family do not 
usually receive wages in cash regularly. The more family ” 
farmers have probably economised in their labour expenses by 
])aying their relations at a rate lower than that of the hired 


5 See Table XX T. 
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worker, and by taking smaller income for personal purposes from 
these farms. 

TABLE XXIV. 

Family Labour and Expenditure on Wages. 

(Average per Farm). 


l‘roi)orlu)n of Lahtnir 
Siipi'ftcd Inj the Faniihj, 

U -.!■> 

tjf) — 

Ot;er :')6 % 

Nuuifnir of Farms 

10 

B 

11 

Size of Farms (198*2) .... 

229.i; 

175.7 

119.0 

Expenditure on ) (J919) 

29a. 1 1 


i 291.4 

Labour J (1932) 

228.2 1 

! 

1 

2K3. 1 

Decrease in ('har;^(» of i 
Lal)Our (';<> of 1919) ... 

! 

22,7 i 

2i.;> i 

S.fi 


i 


Production in Relation to Expenses. 

The statement of production in terms of units of expenditure 
would, on the face of it, appear to be an assessment of the 
efficiency of farms. This, however, is not true, as agricultural 
production does not oi>eratc to any great extent under constant 
returns ; each unit of input does not yield equal amounts of out- 
put. But unless detailed cost accounts are available or elaborate 
statistical methods are employed, there is no means of assessing 
the real efficiency of farms. 

In the lirst place production in terms of the total expenses 
should be studied and Table 25 summarises this comparison. In 
all groups the total production per unit of total expenses is lower 
in 19cI2 than it was in 1019; especially is this so in the smallest 
and the medium size groups. In these two groups the proportion 
of owner-occupiers and the proportion of labour supplied by the 
family is higher than in the other two size groups ; and for that 
reason the calculated charges of rent and wages are higher than 
the actual cash transactions made by the farmer. Nevertheless, 
it is seen that the value of production per unit of total expenses 
has decreased. 

In the case of adjusted production per unit of total expenses 
it is seen that only in the Smallest and Medium Size Groups are 
the 1032 figures considerably below those of 1919. The Milk 
Farms Group has increased very appreciably the volume of 
production per unit of outgoings, while the Largest Size Group 
remains practically the same in the two years. 
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The ^v alue of production per £100 expended on rent has 
decline<J considerably in all groups. The three size groups seem to 


TABLE XXV. 

Actual and Adjuated Production per Unit of Total Expenses. 



Milk FamiB 
Group. 

1 

1 Smtdlcgt size 

1 Group. 

1 Medium gizc 
Group. 

Largeii size 
Gioup. 


1919. 

mii. 

1919. 

19mm. 

1919. 

1 19, im. 

1919. 

I9ftm. 

Actual ! 

Proiluction 


834.0 

627.8 1 

225.H 

912.3 

.529.0 

1797.9 

996.8 

lotal 

Kxpniditure 

1 

677.4 

388.2 1 

377.1 

5.58.9 

613.1 

1140.3 1 

917.0 

'I'otal Produc- 
tion per £100 
of 1ota1 
Expenditure 

169.5 

123.1 

161.7 1 

I 59.9 

168.6 

86.3 

157.7 

105.3 

Adjugied 

Product ion 

flH9.3 


62?. 8 

.'V.M. i 

912.3 


1797.9 

lUiU-O 

I'otal 

KxpcMiditure 

524.8 

1 

677. 1 

388.2 

i j 

377.1 

5,58.9 

613.1 

1140.3 

!H7.0 

Adjusted Pro- 
duction i)er 
£100 Total 
Production 

169.5 

mo:.? j 

161.7 

1 

! 

SH.U 1 

168.6 

im7.9 

157.7 

1511.0 


ha\'c suffered practically an equal fall in production, while in the 
Milk Farms Group the production has declined much less. 

In considering the adjusted production per £100 expendeti on 
rent it is seen that whereas the Milk Farms Group is still in the 
most advantageous position, the Smallest Size Group has taken 

TABLE XXVI. 

Production per Unit Rent Charge. 
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234.3 
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1 
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i 
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1 

— 
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— 
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1 9.1 
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by far the greater decline in the size groups. Tliis is in some 
measure, probably, due to the high proportion of owner- 
occupiers in this group ; the }>aymcnt on rent in this group is 
probably not as high as the estimattxl expenditure. 

It is significant that only in the Largest Size Group does the 
production per £100 of Feeds and Manures purchased in 
approach that in 1919. This is due not so much to the expendi- 
ture on this item being exceptionally low in this group for 1932 
as compared with other groups, but that there has been a 
reduction of about 67 per cent, in this item of expenditure in 1932 
as opposed to 1919. The adjusted prcxluction is seen to have 
materially increased in the Largest Size Group in 1932. The 
contraction in the adjusted production in the Milk Farms Group 
is considerably less than in the two smaller size groups. 

TABLE XXVII. 

Production per Unit of Feeding Stuffs and Manures Purchased. 
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The superior position of the Largest Size Group in respect of 
this aspect of production is probably that the cattle fattening 
enterprise as practised in this district gives the largest volume 
of production in relation especially to the expenditure on feeding 
stuffs; cattle fattened mainly on grassland gives a larger return 
for the amount of feeding stuffs used to finish the fattening 
process. The arable acreage, too, in this group is by far the 
largest ; appreciable amounts of grain were sown for consumption 
on these farms. This reduces the expenditure on feeding stuffs, 
and gives a higher return per unit of feed bought. In the case 
of milk production considerable quantities of purchased feeding 
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stuffs must be used if high production per cow is required. The 
Milk Farms have increased the production per man in 1982 con- 
siderably. The total production of the three size groups is 
notably lower in the earlier year than in the latter. It is signifi- 
cant that the adverse margin between the total production per 
man in 1919 and 1932 decreases with the increasing size groups ; 
this seems to be associated with the proportion of labour supplic<l 
by the family. It is probable that on farms with a large propor- 
tion of hired labour, farmers have been able to re-organise their 
labour resources to better advantage than on those with a high 
proportion of family labour; it must be remembered, too, that 
the groups with a high proportion of hired labour have a larger 
total labour force than other groups,^ and therefore the re- 
organisation of labour can be done more effectively. With the 
exception of the Smallest Size Group, the adjusied production 
])er man has tended to increase. This trend is ])robably the result 
of economies being made in the use of labour ; when the labour 
force is reduced the remaining men are employed for a longer 
time on the jobs that yield the greatest return. 

TABLE XXVIII. 

Production per Man Employed. (In £’s per Farm). 
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t 1 “ Man I’nit was taken as the equivalent of I full man, 1.7 boy? 
under eighteen, 2.2 women working full time. 

Conclusion. 

During the period 1919-1982 there have been some very 
notable changes in the agricultural systems of the farms studied. 
The first outstanding change is in the contraction of the arable 


6 Sec Table XXTir. 
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acreage ; on these thirty-six farms approximately 400 acres have 
gone out of arable cultivation. Even allowing for the contraction 
in the total acreage of the farms of some 80 acres, it is seen that 
the decline in arable is very significant. The chief factor respons- 
ible for this decline is probably the fall in price of cereals, both 
absolutely and relatively to those of many animal products. But 
though the arable acreage has declined by 38 per cent, the sales 
of grain, excluding clover seed, have decreased by 95 per cent. 
It seems, therefore, that either the producti^ ity of the land has 
seriously declined, or a greater proportion of cereals grown on 
the land has been used for feeding purposes. From information 
gathered on the 1982 survey it appears that the latter supposi- 
tion is the true one ; there was no indication in the district of a 
lowering of the intensity of farming, but many farmers said that 
they were using a great deal more home grown foods in their 
rations. Tt may be said, then, that on these farms arable land 
production has changed to a large degree from an independent 
enterprise to a more subsidiary one, the purpose of which is 
mainly in providing cheap feeding stuffs for the various livestock 
enterprises. 

With the decline in cereal growing an increase in livestock 
enterprises is seen. The numbers of cattle on these farms have 
increased by some (iOO head and sheep by 1,100 head; the com- 
paratively small ])ig enterprise, however, shows no increase in 
the numbers of animals carried. But more significant still is 
the increase in Milk Production. In 1919 there were a])proxim- 
atcly 80,000 gallons of milk sold off these farms; in 1982 there 
were over 105,0()() gallons. This big increase, like that in other 
livestock enterprises, has been stimulated mainly by the decrease 
in grain sales and of arable land. 

With this increased concentration on livestock rather than 
cereal })roduction is found a decrease in the numbers of persons 
engaged in agriculture; in 1919 there were a total of 179 persons 
including the farmers themselves, engaged in the working of these 
farms, while in 1982 there were only 149 persons. It should be 
noted, too, that the estimate of total adjusted production, which 
represents the relative physical quantities, indicates a decline ; in 
1919 it was £42,762, and in 1982 £86,780. 

Such an estimate, however, cannot be exact, for there is no 
exact measure of change where, say, a decrease in cereals and 
an increase in milk is involved. On the basis of the total changes, 
the value of output per person engaged over all the farms, when 
values are taken at the same level in each period, has increased. 
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In studying the value of production, it may be stated that 
the value has tended to decline in all groups. The volume of 
production, on the other hand, has not decreased to such a 
marked extent ; in the Milk Farms Group the volume of produc- 
tion, as measured on the adjusted price basis, was considerably 
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higher in 1982 than in 1919. The only group that showed a very 
marked decline was the Smallest Size Group. It appears, then, 
that the farmers who turned to milk production found it advant- 
ageous to increase their output, whereas farmers practising other 
systems found the most remunerative policy was to decrease 
their production to some extent. This in some measure is true, 
and milk production recently has had an optimum intensity 
above probably those of many other enterprises ; but the increase 
in production of the Milk Farms may not be entirely discon- 
nected with the decrease in other groups ; the increase in acreage 
in the Milk Farms Group was of the better land ; this new land 
was taken to some extent from other holdings, and these other 
holdings became correspondingly poorer as regards quality of 
land. 

Such diminution of production as has occurred is not 
associated with a corresponding reduction in expenditure. The 
item of expenditure which has probably been the most important 
factor in limiting production is the purchased feeds and 
manures. It is in the purchase of feeding stuffs that the least 
economy is effected ; the notable exception to this statement is 
the Largest Size Group. The increase of nearly 100 per cent, in 
the purchase of feeding stuffs in the Milk Farms Group has been 
justified by the change in the system of farming on these farms. 
The high expenditure in the Smallest and Medium Size Groups 
seems to be incompatible with the extent of production. Some 
effort to reduce these purchases seems to have been made by 
the use of more feed grown on the farms. It is significant that in 
the group with the largest increase in expenditure on feeding 
stuffs (the Medium Size Group, with an increase of 88 per cent.) 
there is the greatest reduction in arable acreage. 
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During 1988 an inquiry was made into the problems relating 
to the milk supply of Cardiff. The investigation as a whole was 
rather comprehensive as it included not only the business of 
wholesaling and retailing fresh milk in the city, supplies of tinned 
milks, cream, milk powders and other kinds in condensed form, 
but the nature of the supplies to hospitals, hotels, cafes and other 
institutions buying semi-wholesale was also investigated. In 
addition, the consumption of milk and of some rtiilk products was 
studied whilst factors closely related to the main problems, such 
as road and rail transport, were included in the inquiry. 

There is, however, one aspect of the milk business of most 
cities, namely the work of the producer-retailers, which stands to 
some extent by itself. This business is peculiar in some respects 
and is different from that carried out by city retailers. It is 
generally considered that farmers doing this work produce the 
whole or the greater part of the milk which they sell and that they 
conduct their business through all the processes that exist 
between production and the final disposal of the milk to the con- 
sumer. Nevertheless, the businesses of producer-retailers can 
be divided into two almost separate and distinct parts ; (a) that 
of milk production, and (h) that of processing and disposal. In 
order to include the whole of the business activities of the 
7 )roducer-retailers it was necessary to obtain information relating 
to both aspects of their work. 

There is no clearly marked zone immediately outside the 
city in which the farms producing milk for direct sale to con- 
sumers are situated. Some of the farms visited were as far as 
16 miles from the city, whereas 6 to 8 miles was quite common. 
There were other farms situated much nearer to the city which 
were producing milk but for wholesale disposal. Others were 
devoted to mixed farming although many of them appeared 
to be quite suitable with regard to land and buildings for the 
direct retail sale of milk. It was quite evident from the 
outset that proximity to the eitv was not the most important 
factor in the distribution of farming systems in the area investi- 
gated. 

It appears that the personal inclination of the farmer, 
perhaps in some cases based on previous expericnc?e and training, 
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was of considerable importance in determining the use of farms 
for this particular type of business in the neighbourhood of the 
city. 

Several enterprises enter into competition with milk produc- 
tion for land on the outskirts of the city, and close to the city 
this competition becomes rather intense. Market gardening can 
be included in this category particularly so in the immediate 
vicinity of Cardiff. Land is generally used very intensively 
under this system of farming and the value of the output per acre 
is usually comparatively high and moreover, when a good market 
for the produce is adjacent, relatively high rents are common. 
The influence of this factor was conspicuous, as the high rents 
paid for most of the farms necessitated the intensi^ e use of land. 
Poultry farming is also to some extent coming into competition 
with milk production and the latter may gradually move further 
afleld where rents are lower; the use of motor vans will, however, 
to some extent, offset the disadvantage of longer distances. In 
general, dairy farms were heavily stocked and the outlay on 
purchased feeds was high, as farmers endeavoured to obtain a 
heavy output from their holdings. , 

For some considerable time preceding this enquiry the 
milk market in Cardiff had been in rather a chaotic state. It 
appears that something in the nature of a ^*milk price war^’ had 
prevailed. A considerable amount of under-cutting of prices had 
been prevalent, and during September, 1988, although the 
established price was supposed to be 6d. per quart many retailers 
were selling at 5d., others at 4d. and even at 8^. 

Owing to the low prices obtainable for most classes of agri- 
cultural products in recent years, many farmers turned to milk 
selling as a way out of their difficulties. The great increase in 
the number of suppliers inevitably gave rise to some difficulty 
regarding the disposal of the milk, as at the time there was no 
decrease in the number of city retailers. It was reported that 
during 1982 and the early part of 1988 there was some increase in 
the total number of milk vendors in the city and this was not 
entirely due to the increase in number of producer-retailers. Com- 
petition for customers became keener with the resultant cutting 
of prices. Many farmers were quite frank on this point and ad- 
mitted quite openly that they set out to “ build up a round in 
the city and, to accomplish that end, they knew Jbhat the cutting 
of prices and the hawking of milk was the only alternative to 
buying a round ; and a large number of the rounds at present held 
by producer-retailers were obtained in this way. Several of these 
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farmers did not wish to continue in the producer-retailer business 
for any length of time, they looked upon it as a way out of tem- 
porary financial diflSculties and would be only too glad to resort 
to other systems of farming when prices appear to justify the 
change. They hoped, however, to sell the rounds which they 
had built up and in that way recover any losses they had suffered 
in the initial stages when they had cut prices in order to gain 
a foothold in the trade. 

Production : Farms under 50 Acres, 

In view of the fact that many of the producer-retailers in the 
area investigated did not specialise in milk production it is not 
surprising to find several of the farms somewhat highly diversified. 
In the smallest size group, under 50 acres there are 17 
holdings — these vary between 18 and 47 acres, seven of these 
farms had some land under arable cultivation but on the whole 
the arable area only amounted to 5.5 per cent, of the total. It 
was not uncommon to find, on the smaller holdings, some market 
gardening combined with the milk business. This was especially 
marked in cases where a comparatively large supply of family 
labour was available. Frequently, the fruit and vegetables pro- 
duced were taken daily with the milk and sold on the rounds in 
the city. On some holdings, especially where motor vans were 
used, it was difficult to state which was the more important 
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* Rates have been included in this statement because they are 
universally regarded by fanners as an item of farm expenses, although rates 
are not paid on land or farm buildings and are only paid on the house. Tn 
some of these cases, and in a relatively high proportion of the cases of small 
farms, the “ dairy ** or room used for the storage or treatment of milk is 
physically a part of the house and rateable value (and therefore^ ratw) is 
to some extent influenced by this condition. ^ Rates on the dwelling-house 
may be regarded as an item of expenditure in living or consumptiim, and 
not as a business or prodiu'tion expenditure, but are not so regarded by 
farmers, 
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business. In such cases the cost of upkeep of the van was distri- 
buted between the two enterprises. But for purposes of calcu- 
lating the actual cost of milk delivery some records had to be 
omitted in view of close association between two enterprises, 
to attempt allocation would amount to making entirely arbitrary 
separations where none could be made with certainty. 

On the holdings under 50 acres it was found that rents were 
comparatively heavy; rent and rates together varied between 
25s. lid. and 136s. 7d. per acre, and were over £8 per acre in 
nine out of the 17 cases, whilst only on four holdings did they fall 
below 50s. an acre. 

The average number of cows kept in milk varied between 5 
and 14; in general more cows were kept in winter than in 
summer, supplies of milk being maintained in the autumn and 
winter largely by the purchase of cows in full profit. Five of 
these seventeen farmers had no income from other livestock enter- 
prises and can be considered as specialising in milk production as 
far as livestock is concerned. The others had some livestock 
other than dairy cows on the holdings, sheep in one case, pigs in 
another, whilst the third kept poultry, but on none of the above 
mentioned 8 holdings were any calves reared. On the remaining 
9 farms dairying was the main enterprise but young stock was 
reared ; the heifers being required for replenishment of the herds 
whilst stock not so required were sold either in store or fat con- 
dition. 

The average daily sales per farm were as follows : May 23.7 
gallons, August 22.0 gallons, December 22.1 gallons, and actual 
quantities ranged between 11 and 61 gallons. Five farmers, 
however, sold some milk wholesale, the average quantitv being 
5 gallons per day, consequently the range in retail sales was 
between 11 and 50 gallons, with an average of 19.4 gallons. 

Farms hetioeea 50 and 99 Acres. 

In this i Group there are 14 farms. On the average the 
arable area forms a smaller percentage of the total than in the 
first group ; some arable land, however, was found on 9 holdings 
but of the total area covered by this group only 5.0 per cent, was 
tilled. The arable land is mainly devoted to the production of 
food for consumption by farm stock rather than for direct sale in 
the form of market garden produce. In consequence this branch 
of farming enters as part of the work of milk production and is 
not a separate business, 
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Rents per acre were on the whole lower in this group, but 
rent and rates ranged between 28s. 6d. and 105s. 2d. and 
amounted to over £8 per acre in 7 cases whilst on only 5 holdings 
were they below 50s. per acre. 

The number of cows in milk ranged between 10 and 40 per 
holding; again farms were stocked slightly heavier with milk 
cows in winter than in summer. Only 2 farms specialised in milk 
production to the extent of keeping no other class of livestock, 
the remaining 12 varied somewhat in their systems, but on all 
of them some calves were reared and on these holdings herds were 
gradually replenished in this way. Of these 12 farms some cattle 
fattening was carried out on 4 ; one farmer kept sheep also ; whilst 
another had some sheep and pigs on his holding. 

Sales of milk between the seasons of the year show the same 
general variation as in the first group. In May average sales per 
farm amounted to 86.9 gallons, in August to 88.4 gallons and in 
December to 85.1 gallons. Six of the farmers, however, were 
regularly selling milk wholesale in addition to that disposed of 
retail and the quantity sold in bulk varied between 8 and 20 
gallons a day for these farms. As a result, the average daily 
retail sales amounted to only 80.7 gallons. A very wide variation 
in the quantity of milk sold off farms is found in this group, the 
smallest supplier averaging only 15 gallons whilst the largest had 
59 gallons daily. The divergence in sales of milk is much greater 
than in the size of the herds. 

Farms over 99 Acres. 

Ten farms are included in this group. Over the whole the 
the arable area amounted to just over 1-1 0th of the total and 
individual holdings showed variations of between 0.5 per cent, 
and 81.2 per cent, of their total area. Although the land under 
tillage on these comparatively large holdings was proportionately 
greater than on the smaller ones there was no holding extensively 
used for market gardening and the produce raised was mainly 
for consumption by the farm stock. 

Rents arc again somewhat lower, rent and rates ranged 
between 21s. 9d. and 55s., but in only one case did they exceed 
50s. per acre whilst on 7 holdings they were below £2 an acre. 

Dairy herds varied in size between 10 and 68 cows and, in 
accordance with conditions on both the other groups, a heavier 
eomptement of cows was kept in winter. On the average it was 
some 2 cows per herd greater than during the siunmer. Only 
one of these holdings specialised in dairying to the extent of 

s 
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keeping no other class of livestock. Nine of the farmers reared 
calves for herd replenishment whilst two of these endeavoured to 
limit rearing as far as possible to actual herd requirements. Of 
the remaining seven holdings four kept sheep as a supplementary 
enterprise, another kept some sheep and pigs, another sheep and 
feeding cattle, whilst the remaining one had sheep, pigs and feed- 
ing cattle present on the farm. 

Average daily sales of milk per farm in the three months 
were as follows : May 42.4 gallons, August 45.2 gallons, December 
41.5 gallons. Three of the farms, however, were engaged in the 
wholesale trade as well ; one of these disposed of as much as 80 
per cent, of its supply wholesale, whilst another only sold about 
half of its milk retail. The actual quantities going into the whole- 
sale trade varied between 12 and 26 gallons, with an average of 
21 gallons per holding. 

The retail trade itself was as low as eight gallons per day in 
one case, whereas, at the other extreme it reached ninety gallons. 
Some of these farmers were attempting to build up rounds and 
hoped to be able to divert larger quantities into the retail market 
at a later date. In the early stages of the business only com- 
paratively small quantities were being taken directly by con- 
sumers, but by further efforts farmers hoped to increase the 
number of customers and supplies of milk would be obtained by 
selling less in the wholesale market. 

Milk production is generally more intensive on the smaller 
holdings, as the dairy cows are more frequently the sole livestock 
present ; the high rents paid on such holdings demand that enter- 
prises be as directly productive as possible and that the rate of 
turnover of capital be rapid. The larger farms are more diversi- 
fied; in the majority of cases calves are reared and on several 
holdings other stock is kept with the result that the problems of 
retailing get relatively less attention. 

Balancing of Supplies, 

Records yrere obtained from thirty-six farmers regarding the 
way supplies of milk were arranged to meet the variable 
requirements of the retail rounds. Demand for milk fluctuates 
between different days of the week and between the seasons 
of the year. Sixteen bought from wholesalers to meet sudden 
and short period increases in i^quirements as, e.g«, on Sundays; 
they, however, bought in cows to maintain supplies between the 
seasons'^ if necessary. Six always met additional requirements 
without^course to wholesalers. These kept a suAdent number 
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of cows to meet peak demands and endeavoured to arrange the 
calvings to meet the seasonal fluctuations in demand. Thirteen 
always balanced supplies from wholesale sources. 

Amongst the thirty-six cases fourteen farmers sold in bulk 
milk that was not required in the retail trade. But the general 
problem of balancing supplies must be considered in relation to 
the system of farming pursued. When it is borne in mind that 
only 19 per cent, of the holdings were exclusively engaged in milk 
production to the exclusion of other classes of livestock, and that 
78 per cent, of the farms reared calves, it is evident that in the 
majority of cases an outlet for any surplus milk was available. 

The women folk on these holdings, however, are not keen on 
converting the surplus milk into other saleable products. They 
claim that the handling of small and occasional quantities does 
not justify the labour involved. Utensils have to be kept for 
the purpose and a supply of the essential ingredients for process- 
ing must be stocked. To make a few pounds of butter at irregular 
periods involves far more time and expense per unit of product 
than the regular making of large lots and the flnal^ product is often 
not as good. It is not surprising, therefore, that butter was 
made on only 14 per cent, of the holdings. On three of 
the specialised farms an endeavour was made to avoid producing 
a surplus of milk, accommodation milk was bought when re- 
quired. The others dispose of what surplus they have in the 
wholesale market, as they have no facilities for conversion. On 
some of the diversified holdings farmers attempted a little con- 
version, but principally for home consumption. Six farms report 
making butter, eight prepared some clotted cream, but only two 
made cheese. No case was found where the complete conversion 
of large quantities was attempted ; many farmers fed whole milk 
to the calves when it was plentiful, others, however, considered 
this uneconomical and only gave the calves the skim milk. On 
the holdings, where the latter method is followed, if comparatively 
large quantities of surplus milk are available and the skim milk 
is not required for stock feeding, the milk is disposed of through 
wholesale channels. 

Less flexibility was apparent on the smaller holdings ; here an 
endeavour was made to keep as near as possible to the require- 
ments of the retail trade and any balancing, if only comparatively 
small quantities were required, was done through the whole- 
salers, but when home production threatened to be below require- 
ments for a length of time the matter was remedied by the pur- 
chase of dairy cows. On the larger holdings the farmers were by 
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no means as anxious about equating production and retail de« 
mand ; in general a surplus was produced, but it was by no means 
invariably looked upon as such, but rather in the nature of a 
reserve supply, to be encouraged as much as possible into retail 
channels. 

The Retailing Aspect of the Business. 

The other part of the producer-retailers* work is its transport 
to the city and its disposal to customers. As there are differences 
in the costs of producing milk between farms as a result of 
variations in methods and systems of farming, size of businessest 
and differences in managerial efficiency ; in the same way it may 
be anticipated that all farmers are not incurring the same costs 
in the retailing of their milk. 

Complete information was obtained relating to investments 
in processing plant and in vehicles,^ whilst the data necessary for 
the calculation of delivery costs was also secured. For the pur- 
poses of analysis, the businesses are grouped on the basis of those 
factors which appear to be of greatest importance in account- 
ing for the wide difference in costs. All farms are not similarly 
equipped, even those handling the same gallonage showed wide 
variation in the quantity and quality of the dairy utensils used.^ 
Nevertheless, the groups are sufficiently large to give the figures 
statistical significance and the results depict the conditions that 
pertain to the producer-retailers* businesses in the Cardiff area. 

In assessing total costs of delivery labour has been charged 
at the rates of wages set out by the Glamorgan Agricultural Wages 
Committee. All the work of retailing is not paid for according to 
these rates as part of it is done by the farmers themselves or by 
members of their families. Moreover, it is customary for farmers 
to engage boys to aid them in retailing. 

There are two principal methods of delivery, horse^rawn 
floats and motor vans, but in some cases cycles are used to aid in 
the work in those businesses which use floats. In such cases the 
capital cost of the cycles is taken into consideration. Some 
farmers deliver to a depot the milk which they sell wholesale as 
they proceed on the retail round. It is impossible to allocate the 
total cost of transport of milk between these two classes, there- 
fore any additional cost arising from the handling of the whole- 
sale supplies will be included, but in many cases the retail sales 

1 The term vehicles includes floats, vans, mles or motor cycles, and 
for farms usinj? horse-vehicles the horses also. Both as regards “ capital " 
and cost per gallon ” the item “ vehicles includes horses where these 
arc used. 
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arc not entirely independent of the wholesale supply especially 
when only that which is surplus to the retail requirements is 
disposed of in bulk. 

In calculating the upkeep cost of vehicles, all outlays made 
in connection with them was included, and in addition, deprecia- 
tion was charged in all cases. Interest on the capital investment, 
however, was not included as an expense. Some difficulty arose 
in a few cases where the vans were only partly used for the work 
of milk delivery; but an attempt was made in such cases to 
apportion the total cost, amongst the enterprises making use of 
the vans, on the basis of time used. On a few farms, however, 
the separation could not be made satisfactorily, as the work of 
milk retailing was inextricably mixed up with the transportation 
of other commodities produced on the farms, and records from 
such holdings were in consequence omitted from the analysis. 

Farms using floats often presented another kind of difficulty ; 
although in general the float itself was not used for purposes other 
than milk retailing, the horses were in some instances employed 
on other work. In such cases again total costs were allocated, 
and only that part properly ascribable to the milk business was 
charged against it. Some of the food consumed by the horses 
was produced on the farms, but on most holdings it only 
amounted to hay and pasture ; all foods therefore excluding grass 
were charged at market values whilst grazing was included at the 
rental value of the land plus an appropriate sum to cover over- 
head expenses. 

Retail Bounds between 10 and 19 Gallons. 

Seven farms fall into this group, their daily sales range be- 
tween eleven and sixteen gallons, with an average of thirteen 
gallons. Six farmers used floats for delivery but one bicycle and 
one motor cycle were employed in addition, the other retailer 
used a motor van. There are considerable differences with regard 
to the amount and nature of the equipment present on the hold- 
ings and consequently there is no close association between the 
value of equipment and the quantity of milk handled. In some 
eases farmers had boilers and sterilising plant whereas in others 
only the bare necessaries, such as churns, buckets and measures 
were found. When the farmers using floats are taken alone the 
-total investment per farm in equipment and vehicles is £56, 29 
per cent, in the former and 71 per cent, in the latter, and this 
amounts to £4 7s. 2d. per gallon. 
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All the milk going off these seven farms was sold retail. For 
the whole group 38 per cent, was sold in bottles and the remainder 
from churns. One producer did no bottling but five cases return 
more than 50 per cent, of their supplies sold loose.’* 


TABLE II. 

Capital Investment. (Seven Farms) . 



Total. 

Per Farm. 

Per Daily 
Gallon. 

Per Cent. 

Equipment 

Vehicles 

i 8. d. 

Ill 0 0 

;u)r) 0 0 

£ 8. d. 

16 5 8 

43 11 5 

£ 8. d. 

1 5 1 

3 7 0 

27.2 

72.8 

i 

Total j 

ra 

o 

o 

59 17 1 

4 12 1 

100.0 


Beginning at the farm and completing the round, it is found 
that the distance travelled per day ranged between eight and 
twenty miles, with an average of 17.4 per farm ; this is equal to 
1.8 miles per gallon of milk sold. 

The labour engaged on the work of delivery was as follows ; 
In three cases one man was considered suflBicient to dispose pf the 
farm’s supply, in two other cases two adults were employed, 
whilst the remaining two rounds had one man and one boy on 
each. On the average the manual labour time spent in travelling 
and the disposal of the milk was eight hours per round and sales 
were being made at the rate of 1.6 gallons an hour, or expressed 
in another way, it took just over thirty-seven minutes to dispose of 
one gallon of milk. 


TABLE III. 

Cost of Distribatioii per Day. 


Upkeep of Equipment 
Upkeep of Vehicles 
Labour 

! 

Oroup. 

Per 

Farm. 

Per 

Oallon. 

Per 

Cent, 

£ 8, d. 

0 2 2 

0 18 1 

1 18 11 

B1 

■IH 

d, 

0.8 

1.8 

4.4 

4.4 

28.8 

89.0 

Total 

2 9 2 

6 11 

8.5 

100.0 


The cost of delivery will depend to some extent upon the 
number of times customers are visited. The unit found to be 
seUing the smallest quantity per hour, viz., 0.9 gallons and taking 
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the longest time to sell one gallon, viz., 1.1 hours, reports calling 
upon all customers three times a day whilst the fastest seller, at 
2.7 gallons per hour, only makes one call a day. Five roundsmen 
make only one call, one makes two whilst the remainder make 
three. In recent years it seems that customers have been making 
increasing demands upon retailers in this respect, many expect an 
early morning visit, with another before mid-^ay, and in a large 
number of cases an additional visit has to be made for the pur- 
pose of picking up empty bottles. 

Retail Rounds between 20 and 29 Gallons. 

For the thirteen businesses included in this group the average 
sales from the farms amount to 22.6 gallons per day with a range 
between 20 and 28 gallons. Floats were used for delivery by eight 
farmers and on the other five holdings vans were used, in addition 
three bicycles were used to assist in the work of delivery by the 
retailers who used floats. 


TABLE IV. 

Capital Investment. (Thirteen Farms) • 


Equipment 

Vehicles 

i 

Group, 

Per Farm. 

Per Daily 
Gallon. 

Per cent. 

£ 8, d, 

SOI 10 0 
998 0 0 

£ 8. d, 

28 8 10 

T6 15 4 

£ 8. d, 

1 0 6 

3 7 10 

28,2 

76.8 

Total 

1,299 10 0 

99 19 2 

4 8 4 

100.0 


The presence of vans on so many farms tends to increase the 
investment on these holdings relative to the preceding group* 
When the five farms using vans are taken separately it is found 
that the total investment per gallon is £4 15s. lid. as against 
£8 18s. Id. for those using fioats. In spite of the fact that 
investment per holding is comparatively heavier in the case of the 
larger siaed businesses, there appears a fall per gallon of milk 
handled, although several of these producers, especially those 
using vans, had equipped their dairies with comparatively up-to- 
date utensils. 

The retail trade absorbed 97.8 per cent, of the total milk 
leaving these farms, and the small remainder went through whole- 
sale channels* Taking only the milk sold retail, 40 per cent, was 
botded and 00 per cent. ** loose all producers bottled a part of 
their supplies, seven cases report selling 50 per cent, or more of 
their total in bottles* 
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Again including the run from the farm to the city^ the aver- 
age travelling distance on the complete round was 25*2 miles or 
1.1 miles per gallon of milk sold ; this latter figure is slightly lower 
than for the group of smaller businesses. The distance covered 
to dispose of a gallon was 1.8 miles for vans and 0.0 miles for 
floats. 


TABLE V. 

Cost of DistrilmtioB per Day, 



Group. 

Per 

Farm. 

Per 

Gallon. 

Per cent. 


£ 8, d. 

8. d. 

■BBI 


Upkeep of Equipment 

0 8 5 

0 8 


6.9 

Upkeep of Vehicles 

1 18 1 

2 11 

1.6 

81.1 

Labour 

3 15 8 

5 9 

3.1 

62.0 

Total 

6 2 2 

9 4 

5.0 

100.0 


In six cases only one man was employed for each round, two 
adults were, however, engaged in two cases, in four more one 
adult and one juvenile, and on the remaining round two adults 
and one boy. The average manual labour time spent on^ach 
round was 7.8 hours per day ; the average number of gallons sold 
per hour was 2.8 ; this is again a considerable improvement on the 
group above where it only amounted to 1.6 gallons. The aver- 
age time taken to sell a gallon is also lower at 26 minutes. On 
this group of farms there is no significant difference between floats 
and vans in time required. 

Great variation is again shown with regard to the number of 
calls made by the roundsmen on customers ; seven cases report 
calling once, but the remainder call twice or in some cases three 
times. 

Retail Bounds between SO and 89 Gallons. 

In this group there are twelve businesses, the gallonage 
handled ranging between thirty and thirty-eight with an average 
figure of 88.2 pet farm. Floats were used by seven farmers but in 
five of these cases bicycles were employed in addition, four 
farmers had vans whilst the other had both a van and a float in 
operation. With the increase in the quantity of milk dealt with 
it is to be expected that heavier investments will be found, the 
figure is again lower, however, when considered petrgallon. For 
the farms using floats the average investment per gallon is 
£2 10s. Od. and for those having vans £4 12s. Od. 
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Eight of the farmers in this group sold some milk wholesale 
and on the average 28 per cent, of the total leaving the farms was 
^disposed of in this way. All producers sold some bottled milk 
but of the total amount going in the retail market 48 per cent. 


TABLE VI. 

Ca|»iial Investment. (Twelve Farms) . 



Group. 

Per Farm. 

Per Dailff 
Gallon. 

Per cent. 


£ 9. d. 

£ $. d. 

£ s. d. 


Equipment 

388 U 0 

82 7 0 

0 19 5 

80.8 

Vehicles 

892 10 0 

74 7 6 

2 4 9 

69.7 

Total 

1.281 4 0 

106 14 6 

8 4 2 

100.0 


was sold ** loose and 57 per cent, bottled ; nine of the farmers 
disposed of over 50 per cent, of their retail supplies in bottles. 

The average distance travelled on rounds each day was 20.1 
miles ; or, 0.6 miles per gallon sold ; for vans the figure was 0.8 
miles and 0.4 miles for floats. 

In only three cases was one man considered sufficient to deal 
with the supply of a farm ; seven cases report one man and one 
boy on the work, whilst the two remaining employed two men and 
one boy on both rounds. The average time taken to deal with 
the supply of a business was 10.8 hours; the number of gallons 
sold per hour, however, is higher at 8.2 whilst the time taken to 
sell a gallon only amounts to about nineteen minutes in this 
group. 

Motor vans show greater efficiency than floats for these com* 
paratively large businesses ; when relatively long distances have 
to be covered much valuable time may be saved by the use of 
vehicles that can travel quickly and customers can be reached at 
an earlier hour. The gallons sold per hour in the case of vans 
amounted to 4.8 although on the average they cover twenty-eight 
miles a day in the work of milk delivery. Floats on the other 
hand only cover fifteen miles, yet only 8.8 gallons are sold per 
hour. Five of the twelve suppliers called on customers once 
only, but six made two visits each day whilst the other made 
three. 

Floats again show lower costs at 8.2d. per gallon, whereas 
vans alone stand at d.8d. When groups are compared the fall in 
<fclivery cost with an increase in the milk handled becomes quite 
significant. 
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TABLE VIL 

Cost of Distribution per Day. 



[ Group. 

Per 

Farm. 

Per 

Gallon. 

Per cent. 


£ s. d. 

s. d. 

d. 


Upkeep of Equipment 

> 0 9 11 

0 10 

0.3 

7.8 

Upkeep of Vehicles 

2 7 3 

3 11 

1.4 

37.1 

Labour 

3 10 3 

5 10 

2.1 

55.1 

Total 

6 7 5 

10 7 

8.8 

100.0 ' 


Retail Rounds over 89 Gallons. 

Nine produceisretailers are included here, aome of these 
handle large quantities of milk but the average daily sale off farms 
is fifty-eight gallons. Only two farmers used floats, the other 
seven had vans, but both a float and a van was used by one 
farmer. 

TABLE VIIL 

Capital Inrestment. (Nine Farms). 



Group. 

Per Farm. 

Per Gallon. 

Per cent. 

Equipment 

Vehicles 

■PBW 

£ f. d. 

40 3 4 

129 9 0 

■MM 

mm 

28.7 

76.8 

Total 

1,326 10 0 

169 12 4 

2 17 11 

100.0 


Although investment per farm is heavier in this grcmp^ for 
each gallon of milk sold there is again an appreciable drop com- 
pared with the smaller businesses in spite of the fact that on most 
of these farms more efficient equipment was found than on several 
of the smaller ones. These farmers were genuinely engaged in 
the retail business ; 85 per cent, of the milk leaving the holdings 
was sold directly to consumers, whilst that disposed of 
wholesale was usually only small quantities that were surplus to 
the day’s requirements. Seventy-seven per cent, of the xetail 
sales was bottled and all farms returned more than 50 per cent, 
sold in that way, whilst some offered no loose milk to customers. 

The average daily travelling distance for the disposal of a 
farm’s supply was thirty-six miles; this amounted to 0.6 miles 
per gallon of milk sold, which is a similar result to that obtained 
for the group selling up to 89 gallons per day. 

On only one farm was the work of delivery done by 
one man; in three cases two adults were employ^, another 
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returns tour adtdts at work; on two other rounds two men and 
two boys each were employed, whilst in the disposal of the milk 
of the remaining farm three adults and three boys were found to 
be necessary, but some ninety gallons a day were handled in this 
latter case. 

The time required on the average to dispose of the milk of a 
farm was 18.8 hours ; whilst the hourly sale was 8.2 gallons ; this 
is again similar to the group above, and the time taken to sell a 
gallon was the same, viz., about nineteen minutes. 


TABLE IX. 

Cott of Dittribatio& per Day. 


1 

Group. 

Per 

Farm. 

Per 

Gallon. 

Per cent. 

1 

Upkeep of Equipment 
Upkeep of Vehicles 
Labour 

£ t . d. 

0 n 9 

8 1 1 

4 IT 1 

8. d. 

1 4 

6 9 

10 9 

d. 

0.3 

1.8 

2.2 

8.0 

84.8 

1 57.7 

Total 

8 9 11 

18 10 

8.8 

i 100.0 

1 


The greatest disturbing factor in the situation is again the 
number of visits paid each day to the same customers. Four of 
these nine producer-retailers delivered only once, two visited some 
houses twice but the other three called twice on all customers. 

Comparison by size of round* 

In order to epitomise the foregoing analysis Table X has been 
prepared ; this shows the essential differences in the economy of 
the retail business when rounds of different sizes are compared. 

TABLE X. 


Capital iBTastmeiit (All Farm). 


Size of j 
Buiine88. 

1 

.S-S g 

Per cent of 
Total 

Investment 
in Vehicles 

J*«r cent 0 / 
Total 

3| 

1 

Gallons 
per Day, 

Gallons 
per day* 1 

Per 

Gallon. 

% 

! Per 
' Gallons. 

% 

Per 

Gaffon. 

10—19 .... 

18.0 

£ s* d. 

1 5 1 

2T.2 

\ £ *.d. 

8 7 0 

72.8 

£ s. d* 

4 12 1 

20-39 ... 

22.6 

1 0 6 

28.2 


76.8 

'484 

80-89 .... 

88.8 

0 19 5 

80.3 

2 4 9 

69.7 

8 4 2 

Over 89 .... 

.58.0 

0 18 9 

1 

28.7 

2 4 2 

76.8 

2 17 11 

[ 

Mean 

27.6 

0 17 9 

25.7 

2 11 8 

74.8 

8 0 0 

1 
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With the increase in the size of the businesses there is a per- 
sistent tendency for investment per gallon to fall; in all groups 
about a fourth of the total is in equipment and three-fourths in 
vehicles. It is clear that although the capital necessary increases 
as more milk is handled the rise is far less than proportional and 
a significant economy is obviously effected when^ as appears from 
the figures, the total investment per gallon falls by 87 per cent, 
with an increase in the quantity handled from thirteen to fifty- 
eight gallons. On many of the larger holdings the equipment 
was far more elaborate, costly and modern than on the smaller 
holdings whilst it was on the bigger farms that vans were princi- 
pally found. 

Vans versus Floats. 

The fanners using vans can in general be considered the 
more progressive type as their holdings had been set out for the 
production and subsequent handling of milk in a comparatively 
satisfactory way. It is to be expected that investment in vehicles 
will be higher on holdings using vans but as the figures show, the 
investment in equipment is also considerably in excess of that 
found upon farms using floats. The difference per gallon between 
these two classes of holdings is not so conspicuous, however, as 
more milk was usually handled in the business which used vans 
for disposal. 


TABLE XI. 

Capital Inveftment per Farm and per Gallon. 



Farms using 
Floats, 

Farms using 

Vans, 

All Farms, 


Per 

Farm, 

Per 

Gallon, 

Per 

Farm, 

Per 

Gallon, 

Per 

Farm, 

Per 

Gallon, 

Equipment 

Vehicles 

£ s, d. 
22 18 0 

51 13 1 

£ s. d, 

0 IT 6 

1 19 11 

£ 8. d. 
88 10 7 
118 7 1 

£ 8, d. 

1 1 5 

3 5 10 

A 8. d, ' 
28 7 6 ! 
82 0 1 1 

£ s.d, 

0 17 9 

2 11 4 

Total 

74 6 1 1 

1 

2 17 5 

1 

1 

136 17 8 1 
1 

i 7 3 

1 

1 

no 7 7 1 

1 

3 9 1 


One of the factors that should be borne in mind when the use 
of vans or floats is under consideration can be seen in Table XII ; 
which also shows the influence of size of the business upon the 
distance travelled in the disposal of a gallon of milk. 
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TABLE XII. 
TimTelling Distances. 


Size of 

Business. 

Distance tr 

avellcd per 

gallon sold. 

Floats. 

Vans, 

All Farms* 

Galfons per Day. 

Miles. 

Miles. 

Miles. 

10—19 

1.8 

1.5 

1.2 

20—29 

0.9 

1.8 

1.1 

:)()— 39 

0.4 

0.9 

0.6 

Over 39 

0.3 

0.6 

0.5 

Mean 

0.6 

0.9 

0.7 


* In this c'olumn several additional farms are included, t.e., those 
where various other methods of delivering milk are adopted ^ such as 
bicycles and motor cycles to aid the floats, a few of the farms included, 
however, use only motor cycles. The cycles and motor cycles tend to have a 
shorter ran^e tlian either horse vehicles or motor vans. 

For all groups iBoats cover shorter distances than vans in the 
disposal of the milk ; the possibility of rapid transit by means of 
motor vehicles enables operators to cover large and highly 
scattered rounds. Roundsmen find that it is necessary to supply 
customers by a certain time each day and a fair amount of 
regularity must be observed. Consequently floats can only oper- 
ate successfully in a more or less compact and limited area. More- 
over, considerable economies are achieved by the farmers oper- 
ating on the larger rounds ; in the case of those using floats, the 
fall in average distance covered in the disposal of a gallon is 
almost proportionate to the increase in the quantity handled when 
the smallest group is compared with the largest. Although the 
tendency is in the same direction for rounds on which vans are 
used the actual fall in the distance covered is not as great. 

The time taken to deliver milk to customers is a very import- 
ant factor in total costs ; of course the time taken to travel from 
the farm to the city is in some cases rather significant, especially 
when floats are used and where the distance is rather great. Vans, 
however, would be faster not only in getting to the city but, on 
the whole, would be quicker in passing from one customer to 
another. 

When the group using floats is compared with the one using 
vans there is not much difference on the whole in the time ex- 
pended in the delivery of one gallon. Vans may be quicker but 
in general they cover greater distances in the course of their daily 
work. It is clear, however, that the larger businesses arc able 
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to do the work in much shorter time per unit of quantity handled ; 
this is especially the case where floats are employed, and in gen* 
eral it is true also of those businesses using vans. 

TABLE XIII. 

Gallons sold per hour and Labour Hours taken to sell ono Gallon. 


Size of 
Business. 

Floats. 

Vans. 

All Farms. 

Gallons \ 

Minutes 

Gallons \ 

Minutes 

Gallons \ 

Minutes 

allons 

per 

per 

per 

per 

per 

Hour. 

per 

per Day. 

Hour. 

Gallon. 

Hour. 

Gallon. 

Gallon. 

10-~J9 .... 

1.6 

86 

1.5 

\ 

42 

1.6 

86 

20—29 .... 1 

2.8 

24 

2.2 

30 

2.3 

24 

80—39 .... 

3.8 

i 18 

4.8 

12 

3.2 

24 

Over 39 .... 

5.8 

12 

1 

2.7 

1 18 

8.2 

18 

l 

Mean 

2.9 

24 

2.8 

24 

m 

1 

24 


There is, however, one factor of some unmeasured import- 
ance in the differences shown in the final columns of Table XIV, 
It is shown in another study^ that average daily intake of ^resh 
milk per household varies in different areas of the City and with 
different classes of consumers. On the whole the bigger busi- 
nesses, and those using the more up-to-date equipment, and in 
some cases, particularly those using vans, are able to establish 
rounds in the areas in which the higher intakes per household 
occur. But on any given round deliveries may be made to some 
households which take an average of a quart or more per day, 
and to other households which take an average of only one pint 
per day. As it was not possible to obtain for each round the total 
or daily average number of customers it was not possible to get a 
measure of this factor. 

Delivery by floats on the whole is the cheaper method; 
although vans may do a certain amoimt of work in shorter time, 
this factor is ^ot sufficient to offset the higher costs involved in 
running them. It must, however, be borne in mind that in the 
area investigated these two kinds of vehicles are not operating 
over exactly the same routes and that they do not cover the 
same distances. It would be necessary to test them under ex- 
actly the same circumstances to find the real differences in cost. 
The figures are sufficiently illuminating to indicate the actual con- 
ditions prevailing in the City of Cardiff. Some vans are, it is 


> This Joumalf p. 88. 








Retailing of Milk in the Cardiff Area, 


79 


true, able to bring milk into the City from greater distances than 
would be practical if floats were used, such milk may be produced 
on farms where rents are comparatively lower than in the im- 
mediate vicinity of Cardiff and this may offset the higher cost that 
the farmers have to bear in sending their milk by vans 

TABLE XIV. 

Daily Delivery Coits per Farm and per Gallon. 



FamiB ustjiQ 

Farms 

usina I 




Floats, 

Vans. 

All Farms, 


Per 

I 

Per 

Per 

1 

Per 

1 

Per 1 

1 

Per 


Farm, 

Gallon. 

Farm. 

1 

Gallon, 

Farm. | 

1 

Gallon, 

1 

Upkeep of 
Equipment 

d. 

d. 

d. 

d. 

s. d. 1 

1 

1 d- 

0 8 

0.8 

0 IH 

0.8 

0 H 

0.8 

Upkeep of 
Vehicles 

1 IH 

0.9 

6 10 

2.0 

8 m 

1.5 

Labour 


2.5 

7 5 

2.5 

1 

6 Oi 

2.5 

1 

Total 

7 lOi I 

8.7 

15 2^ 

1 

4.8 

1 

11 5J 1 

1 

1 i.8 


some considerable dstanoes. The incidence of the various 
items entering into costs can be seen from Table XIV. 
The cost of vehicles is a very significant item in the total cost per 
gallon. There is no appreciable difference between the two 
groups of farms with regard to equipment and labour. The 
heavier cost on the farms using vans is almost entirely due to the 
relatively heavy cost of vehicle upkeep. 

Manual Labour Costs. 

In view of the importance of manual labour in delivery costs 
it is interesting to compare the figures in Table XIII with those 
given below in Table XV. 


TABLE XV. 

Labour Cost of DIstributioB per Gallon. 


She of 
Business. 

Floats. 

Vans. 

All Farms. 

Gallons per 
dap. 

d. 


d. 

10— IB 

i.4 


4.4 

BO-BB 

8.1 


8.1 

80-4B 

2.0 

1.8 

1.9 

Over BB 

1.8 

2.5 

2.2 

Meta 

2.5 

2.5 

2.5 
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The question of labour cost is one of the most difficult ter 
treat in an investigation of this character. Some few workers, 
namely those who are wholly or almost wholly employed in 
retail distribution and milk work,”^ are legally entitled to the 
rates of wages determined by the Milk Distributive Trade Board. 
These rates, applicable to workers fully employed in retailing, etc., 
in the City of Cardiff, are those for “ Area B ** under the current 
Order ; and they vary between 12s. Od. per week for boys under 
15 or from 14s.> Gd. for boys of 15 years to 52s. per week at 2i 
years and over. The 22s. 6d. per week allowed in this investi- 
gation for juvenile labour lies between the Trade Board rates for 
workers of sixteen and seventeen years of age, but this rate 
applies to agricultural rather than to milk trade workers. Those 
workers who are not wholly or almost wholly employed in milk 
work are not entitled to the rates fixed by the Trade Board, but 
are entitled to the current rates paid for workers in agriculture. 
The average estimated cost of labour of boys, women, and men 
over all the farms is just over 7d. per hour, but it varies a little 
from one group to another according to the proportions of youths 
and adults engaged. If the rate is raised to lOjd. per hour^ the 
average cost of manual labour per gallon delivered will be djd., 
and the average total cost of delivery including labour and other 
charges will be raised by l|d. per gallon. 

Interest Charges. 

No interest has been allowed in the statement of costs, but 
most producer-retailers would insert a charge for interest on 
capital. The tendency is to assess interest charges at somewhat 
excessive rates, especially after full allowance has been made for 
depreciation and upkeep. Full allowances for these items have 
been made in these cases. Adding interest at 5 per cent, per 
annum on the full value of horses and vehicles and utensils, etc., 
used in retailing, the cost per daily gallon of milk delivered would 
be : — 



Interest, 

Cost without 
Interest, 

Total 

Estimated 

Cost, 


d. 

a. 

d. 

Group 1. 10 — 19 Gals. 

0.15 

6.50 

6.65 

„ 2. 20-29 „ 

0.14 

5.00 

5.14 

,, 8. 80—89 ,, 

0.10 

8.80 

8.90 

M 4. Over 89 „ 

0.10 

8.80 

« 8.90 

All Farms 

0.11 

4.80 

4.41 


3 See F. 426. Explanatory Memorandum Trade Board (Milk Distrib*- 
utive) Order. 
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The Quality of the Milk^ 

Little progress has been made in the area towards producing 
milk with a specific form of guarantee of high quality, or which 
would be eligible for sale under the terms of the Milk (Special 
Designations) Order, 1928. As was mentioned previously, how- 
ever, some of the producer-retailers consulted had not set out in 
the business with a view to adhering to it and building up an 
established trade on a more or less permanent basis. The major- 
ity had turned to it from other systems of farming and a few had 
only taken it up temporarily. As a result of this comparatively 
unsatisfactory state of affairs it is not surprising to find that of 
thei total milk delivered to consumers by the producer-retailers 
only 8 per cent, was of “ Grade A ” standard. No ** Certified 
or ‘‘ Grade A. T.T. milk was produced on any of the farms in- 
vestigated. From another investigation into the milk supply of 
Cardiff it was found that city retailers supply 5 per cent, in the 
form of graded milks. 

Only two of the farms visited had suitable buildings and the 
necessary facilities, in the form of a supply of water laid on, and 
with adequate drainage conveniences, for the production of milk 
of the ofiBicial standard Grades. Capital will have to be laid out 
on improvements to buildings, more plentiful supplies of water 
will be required on many farms before they can be considered as 
hygienic dairies. Methods of illumination were hopelessly in* 
adequate on many holdings, but the spread of supply of electricity 
in the district may serve to ameliorate conditions in this respect 
if its advantages are brought to the notice of farmers. 

It is often mentioned that the demand for milk is inelastic ; 
meaning that the amount taken by consumers changes but little 
as a result of changes in price. Many of the producer-retailers ex- 
pressed doubt regarding the truth of this assertion; several 
claimed that the price factor was of supreme importance in milk 
selling. Quite naturally producer-retailers are apt to be confused 
on this point, and fail to make the distinction between increase 
in the total demand for milk and the demand for the supplies 
they offer at the prices they fix. With a fall in the price of one 
retailers’ supply his business may increase, but partly at the ex- 
pense of other rounds. At the same time, the general judgment 
of producer-retailers was that price is an important factor in the 
determination of the total demand. 

Farmers certainly find consumers to be very responsive to 
price in building up rounds. Several had experienced but little 

F 
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difficulty in establishing or extending rounds by cutting the price 
by Id. a quart. Many housewives will change their suppliers 
easily^ quickly and without notice, if milk can be obtained from 
another source at a lower figure. Some of the producer-retailers 
who had held well established rounds for years expressed grave 
fear of losing them to undercutters and in fact a large part of the 
business of retailing appeared to be in a perpetual state of tran- 
sition. 

There is an increasing desire amongst customers for milk to 
be supplied in bottles. It is far more convenient for both the 
roundsman and the housewife, and expedites to some extent the 
work of distribution, as a wait at the doorway is usually avoided. 
There do not seem to be many requests for graded milks, but 
again the price factor comes into play as only a few consumers 
are prepared to recompense the producer for the higher costs in- 
volved. 

It is becoming more difficult for producer-retailers to stand in 
competition with City retailers in view of some of the extremely 
exacting services demanded by many customers. In general, 
especially in the smaller businesses, farmers must return to, their 
holding soon after midday in order to attend to the work of 
production. Few producer-retailers employ special men for the 
work of distribution, usually they perform other tasks in the 
course of the day. Nevertheless, 50 per cent, of the producer- 
retailers attempted to call upon the same customers more than 
once in the same day and generally succeeded, 12 per cent, visited 
all houses twice daily regularly. It appears, however, that only 
35 per cent, of the City retailers confine their calls to one a day. 
Producer-retailers have in many cases entered upon the work 
without an adequate knowledge of its various aspects; several 
have merely blundered along and have only been able to hold their 
own by undercutting the price. It is to be hoped that agricul- 
tural prices generally will improve so that many now attempting 
to dispose of their milk directly to consumers will return to other 
systems of farming for which they have been trained and in which 
they have had more experience. 


The authors and the Department of Agricultural Economics, 
University College of Wales, wish to acknowledge the receipt of the 
highly valued assistance of Mr. E. Llewelyn Harry, Agricultural 
Economist on the staff of the Glamorgan Agricultural Committee 
in the collection of the data used in this study, and of the advice 
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of Mr. J. D. Davidson, Director of Agriculture for Glamorgan, in 
the general conduct of the investigation. They also wish to ex- 
}^res8 their gratitude to farmers for the consideration given to in- 
vestigators and trouble taken on their behalf. 


THE CONSUMPTION OF MILK 
IN CARDIFF. 

By W. H. Jones, M.Sc., 

AND 

W. J. CowiE, B.S.A. (Ontario). 

University College, Aberystwyth. 

Very few studies of milk consumption have been made in 
this country and but little reliable information is available on 
the subject. Rough calculations of quantities consumed per head 
of the population have been made, but the results are obtained 
merely by dividing the estimated total quantities consumed per 
head of the population by the number of persons in the country ; 
the results so obtained, however, are of very limited value. The 
Local Food Committees collected some data in 1918 and estimated 
that at that time the consumption of milk in Great Britain was 
0.25 of a pint per day,^ but, as conditions were then abnormal it 
does not follow that this figure is correct for later years. The 
Ministry of Agriculture and Fisheries estimated that the total 
milk consumed in Great Britain during 1921 was 600 million 
gallons; this represented a per capita consumption of 0.81 of a 
pint per day, and in 1922 it was estimated at between 650 and 
700 million gallons, which represented between 0.38 and 0.86 of 
a pint a day per person.^ Another investigation into the con- 
sumption of milk in a number of towns and cities shows that on 
the average it is just under 0.88 of a pint per day, the predominant 
range being between 0.25 and 0.40 of a pint.^ Other enquiries 
yield results of a somewhat similar nature; one gives a daily 
figure of 0.28 of a pint,^ another places consumption at 0.44 of 
a pint per person.® From the investigations that have been made 

1 Final Report of the Coinmittee on the Production and Distribution 
of Milk, 1919 (Cmd. 488). 

2 Linlithiorow Committee : Interim Report on Milk and Milk Products 
(Cmd. 1854). 

5 The Fluid Milk Market in England and Wales. Ministry of Agri- 
culture Report. Economic Series No. 16. 

^ United Dairies, Ltd., Annual Report (1928). 

5 The Agricultural Output of England and Wales. 1925 (Cmd. 2815), 
and the Agricultural Output for Scotland, 1925 (Cmd. 3191). 
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it appears that the daily consumption of milk per head of the 
population falls between three-tenths and two-fifths of a pint. 

Rough calculations which are based upon the number of 
people likely to take milk and the estimate of supplies sold for 
consumption in liquid form do not provide adequate information 
for those engaged in the business of production and disposal of 
the supply. It is known that all persons or families do not take 
the same quantity, but knowledge of variations in consumption 
and the factors responsible for them is rather limited. It is^ 
assumed, for instance, that changes in the retail price of milk do 
not affect the quantity sold to consumers to any appreciable 
degree. Further, it is believed that the more prosperous classes 
in the community take all the milk that they can use to advantage, 
and from this it is inferred that they would not increase their 
purchases if supplies were offered to them at a lower rate, but 
with regard to the poorer classes, it is sometimes maintained that 
a drop in the retail price of milk in the areas in which they live 
would result in greater sales. It is apparent, however, that the 
consumption of milk is influenced by many factors, some of which 
may be rather obscure and difficult to isolate. Moreover, the 
quantity of fresh milk taken by a family may be closely assbci- 
ated with the consumption of other foods of a milk origin which 
they use as substitues. In this study, therefore, an attempt is 
made to throw some light upon the forces which have some 
influence upon the quantity of milk consumed. 

PART I. 

Consumption in Cardiff. 

An investigation was made in Cardiff during 1988 in co- 
operation with the Public Health Department of the City. Four 
districts were selected according to the general standards and 
conditions of living of the inhabitants. The districts can be 
described as follows : — 


I. Good Middle Class. 

II. Good Working Class. 

III. New Housing Area. 

IV. Poor Working Class. 

These descriptions apply to the general characteristics of the 
districts rather than to the people themselves. Without a metic- 
ulous examination of incomes it is almost impossible to define 
the economic standing of families within any one aiea or of any 
group. The terms used are those of common parlance, and their 
significance should be generally understood without further 
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definition. A ** new housing area was included at the express 
suggestion of retail dairymen in the City. 

An attempt was made to get accurate details regarding the 
milk used from the people living in the four districts. In 
view of the interdependence between the quantity of milk taken 
in a household and the purchases of other somewhat similar foods, 
information relating to milk alone would be inadequate, as it is 
to be expected that the prices of substitutes are likely to affect 
the consumption of fresh milk. The data was collected by the 
use of a circular which was sent to a large number of households 
in each district, and questions were asked on all matters that 
might bear upon the problem under consideration. A sufficient 
number of replies was received from the areas, so that each 
sample is known to be representative of the district from which 
it was taken, whilst it can be shown that the conditions obtaining 
in these districts are accurately reflected in the results submitted 
in this study. 

The census was taken during the week ending April 8th, 
1988. This period was selected with the object of excluding some 
factors which influence the milk trade. It is known that the con- 
^mption of liquid milk is greater during some months of the 
year than others, partly as a result of climatic and weather con- 
ditions. Moreover, holiday seasons affect the sales of milk to an 
appreciable degree ; in August sales in the City show a consider- 
able decline as a result of the outward movements of population. 
April is not the period of highest sales — these would come later 
in the summer — but they may be slightly heavier at this time 
than during some other months. The consumption of milk 
powder and special milk preparations is most probably 
somewhat lower than would be shown by a record for the winter. 
Consumption of several forms of milk is not necessarily a matter 
of regular habit, and there are variations at different times of 
the year and under certain circumstances. Some of these, such 
as a cold period or an epidemic of colds or of influenza, would 
increase the consumption of preparations of milk powder. Such 
special conditions were absent during the week that the recording 
was done. Consumption during the week chosen, therefore, can 
he considered as representative of that season of the year. 

Prices of liquid milk during the time were not stable, as an 
appreciable amount of undercutting was common. Some retailers 
were offering at 4d. a quart ; others at 5d. The nominal estab- 
lished price was Gd. a quart in most districts, but the average price 
was approximately 5|d« per quart. 
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When the four classes of consumers are considered separately 
as in Table I, there appears a wide variation in the quantities 
consumed. 


TABLE 1. 

Consumption of liquid (fresh) milk per week. 


Groups. 

Liquid ' 
Milk 

per Person, 

Liquid 

Milk 

par Family. 

A rerage 
size of 
family. 

Total Milk 
per person 
in houses 
taking 
liquid 
milk. 

% houses 
taktM 
liquid 
milk. 


Pints. 

Pints. 

Persons. 

Pints. 

% 

1. G.M.C. 

3.88 

1 . 5.21 

8.92 

8.88 

100 

2 . G.W.C. i 

1.97 

7.47 

3.99 

2.05 

91 

3. N.H.A. 

1.82 1 

6.38 

4.78 

1.58 

85 

4 . P.W.C. ! 

1.10 

4.81 

3.93 

1 . 4 .) 

74 

Mean 

2.00 

8.84 

4.16 

2.27 j 

87 


Between the most and the least prosperous groups there is 
no significant difference in the average size of the family, yet the 
quantity of milk taken per house over all the households is m 9 re 
than three times greater in the best district. It is clear also that 
as households are grouped more or less by their estimated 
incomes, there is a definite and persistent decline in the quantity 
of fresh milk going into the homes as one passes from the better 
to the poorer classes. When the daily figures are examined it is 
found that over the whole the result agrees quite well at 0,29 of 
a pint per day with the estimates quoted above.® When, how- 
ever, the four groups of consumers are considered on a daily 
basis, the average quantities taken per capita over all the persons 
in the households are as follows : — 


Pints pet head 
per day. 


T. G.M.C 0.65 

II, G.W.C 0.27 

III. N.H.A 0.19 

TV. P.W.C 0.16 

Avcrajjje .... 0.29 


It is not to be assumed that all the milk passing into the 
houses is consumed by human beings, part of it may be given to 
animals or used in other ways, but this aspect of the matter has 
no great relevance to the present study. From the retailers* and 


® The ajn'eenient, however, is closer when the daily consumption per 
head in households purchasing fresh milk is considered — namely, 0.824 pints. 
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producers’ viewpoint it is important to know how much customers 
are prepared to take at given retail prices. From the public 
health point of view, however, it may be necessary to make some 
allowance for non-human consumption. No investigation was 
made of this factor. Most probably it may be assumed that more 
milk is fed to cats and dogs at the higher income levels ; but, 
more particularly, that more milk is fed to animals where there 
are few or no children. Still, it must not be assumed that no 
milk is fed to animals in any of the groups, even in that with the 
lowest general conditions of life. 

When the money value of the milk sold into the houses is 
considered, there appears a wider variation between the groups 
than when physical quantities are given. This is partly due to 

TABLE 11. 

Quality and Cost per week of Liquid Fresh Milk. 


Groups. 

Cost per 
Person. 

1 

1 

Cost per 
Famuy. 

1 

1 : 

Cost per 
person in 
houses 
taking 
liquid 
Milk. 

Percentage as — 

SpeclaL* 

Bottled. 

Loose 

1 

d. 

d. 

d. 




I. O.M.C. 

10.85 j 

42.54 

10.85 

7.7. 1 

1 74.8 

17.5 

11. G.W.C. 

4.90 j 

I 19.25 

5.30 

! 0.5 j 

60.5 

89.0 

III. N.H.A. 

3.44. 1 

1 16.61 

4.00 

9.9 1 

50.6 

89.5 

IV. P.W.C. 

1 2.75 

11.00 

3.66 

7.2 

36.9 

55.9 

Mean 

1 5.25 

i 

22.40 

6.10 

6.3 

1 

55.7 

88.0 


* Special includes — “ Certified,” ” Grade A ( r.T.) *' and “ Grade A.” 


differences in the nature of the supplies bought, although the 
more prosperous people do not buy a larger proportion of graded 
milk, a higher percentage of their total deliveries is bottled. The 
comparatively small quantity of special grade milk supplied on 
the whole is conspicuous, and while there appears to be some 
movement towards its more extensive use, many difficulties have 
still to be overcome. Many people lack a correct knowledge of 
the various designations of quality, whilst but few understand 
their meaning. Attention is often drawn to the comparatively 
high production costs of graded milk, but this is not the only 
factor that tends to enhance the price of this class of milk. At 
present the houses requiring graded milk are often widely 
scattered and interspersed amongst consumers of ungraded milk. 
Roundsmen supplying milk of special quality have, therefore, to 
travel enormous distances each day before completing the work 
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of delivery. This additional cost of distribution is often over- 
looked^ although it is extremely important and must be met. 
Further, roundsmen often find it impossible to call on all the 
widely dispersed customers at a sufficiently early hour to keep 
them satisfied with the service that is rendered. When graded 
milks are carried with ordinary commercial milk there is extra 
trouble, cost, and sometimes risk. 

Condensed milk can be regarded as the most important sub- 
stitute for fresh milk, and in general it is competitive. Tinned 
milk is sold both as ** full cream ** and as skimmed,** the latter 
being, of course, available at a lower price, but the relative cheap- 
ness of the two kinds is a debatable point, as quality must be 
taken into consideration. Cream may also be used instead of 
milk. Milk powder in a prepared form may be used as a baby 
food in some homes, whilst malted milk may be taken as a bever- 
age, and either of these may displace liquid milk to a certain 
extent. 

TABLE III. 

Condeiuad Milks: Quantities taken and Cost per week of Tinned Milk. 


Groups, 

Whole ^ 1 

% 0/ 
Houses 

Suftpliea 

0) 

Per Home. 

(*) 

Per Person, 


Pints, 

Cost, 

Pints, 

Cost, 




a. 


a. 


1, G.M.C. 

0.22 

0.75 

0.06 

0.19 

10 

II. G.W.C. 

0.20 

0.68 

0.05 

0.17 

T 

III. N.H.A. 

0.15 

0.58 

0.08 

0.12 

6 

IV. P.W.C. 

0.40 

2.00 

0.10 

0.58 

11 

Mean 

0.24 

mm 



8 


Groups, 

Skim t 

H^mi, 

Supplied 

(1) 

Per House, 

(*) 

Per Perton. 


Pints, 

Cost, 

Pints, 





a. 


■ilH 


I. G.M.C. 

0.25 

0.57 

o.os 

0.15 

8 

II. G.W.C. 

1.94 

4.00 


1.00 

54 

III. N.H.A. 

8.04 

6.17 

0.51 

1.80 

70 

IV. P.W.C. 

8.24 

6.50 


1.66 

80 

Mean | 

2.11 

4.28 

0.51 

1.08 1 

1 so 


^ The aver^p^e cost per tin of full cream milk s 7d. ; this is equivalent 
to about li pints of whole milk. 

t The average cost per tin of skim milk s 2id. ; this is equivalent to 
about H pints of skim milk. 

(1) AH houses in the group are included. 

(2) All persons in the group are included. 
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It is clear from the figures that, on the whole, comparatively 
small quantities of the full cream variety are bought, whereas 
considerable purchases of condensed skim milk are made, and 
further, it is the poorer classes that are the heaviest consumers 
of this commodity* The quantity of cream bought is relatively 
small ; in the most prosperous district 36 per cent, of the houses 
report buying some; over the whole it only amounted to 1.6 oz. 
per house weekly. Only 2 per cent of the households, however, 
bought the proprietory milk foods. In the good working class 
district 7 per cent, of the families purchased cream, which yielded 
0.2 oz. each per week, and not one returned purchases of baby 
food. In the new housing area and the poor working class district 
the percentages are 9 and 5, and the respective quantities 
0.16 oz. and 0.12 oz. per family weekly.*^ When the average 
amount of money spent on these two classes of commodities, 
namely, cream and proprietory milk foods, is calculated, it is not 
surprising to find it comparatively small. The respective group 
figures for a week’s supply are as follows : — 

d. 

Group 1 sr 4.9 
Group 11 = 0.5 
Group III s: 1.0 
Group IV =s 0.6 

It is impossible to reduce all the various classes of milk foods 
to a common basis except in terms of money value. Neither 
eream, skim-milk, nor the proprietory foods can be satisfactorily 
measured as food equivalents of liquid milk. The actual cost, 
therefore, of all classes of milk and milk foods per house and 
person comprising the households is given below. None of the 
families have been omitted in the calculation of this average, on 
the ground that they do not take all the different kinds of milk. 
Houses not taking liquid milk are studied separately, and some 
further analysis of such consumers’ purchases is given. 

When total consumption of milk in these forms is considered, 
the absence of any difference between Groups III and IV, and 
the absence of any real difference between these and Group II 
on the basis of expenditure per person is very remarkable. The 
expenditure of twice as much per head and per household in the 
best group as in any of the others is also remarkable. The 
question immediately arises whether this higher consumption is 
the result of higher purchasing power alone or fundamentally of 
different habits, or, as it might be expressed, of better dietetic 


^ A more complete analysis of cream purchases is given on p. 98. 
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education? Would an increase in purchasing power in other 
groups itself lead their households to increase up to the level of 
the best group? Would increase in purchasing power in the 
lower groups lead all their families to use fresh milk and to drop 
the use of condensed, whole or skimmed, especially the latter? 


TABLE IV. 

Total Expenditure on all Milk and Milk Foods per week. 


Groups, 

Liquid 

(Fresh) 

Milk. 

Condensed 
Milk. 1 

1 

Cream and 
Dried 
Milk. 

Total 

per 

House. 

Total 

Per 

Person. 


Cost. 

Cost. 

Cost. 




d. 

d. 

1 

s. d. 

d. 

1. G.M.C. 

42.54 

1.82 

\ 4.9 

4 0.75 

12.44 

11. G.W.C. 

19.25 

4.68 

0.5 

2 0.48 

6.18 

III. N.H.A. 

16.61 

6.75 

1.0 

2 0.S6 

1 5.01 

IV. P.W.C. i 

11.00 

8.50 

0.6 

1 8.10 

5.12 

Mean .... j 

22.40 

5.80 

1.8 

2 5.50 

7.07 


No entirely adequate answer to these questions can be given. 
Many answers will doubtless be offered according to different 
personal readings of “ human nature or conceptions of the 
nature and formation of human habits. While it is suggested 
that no final answers are now possible, there is no desire to shirk 
responsibility for some judgments. 

Although all the households in the middle class district 
obtained supplies of fresh milk, in all the other three areas a 
certain proportion of the population were not consumers of fresh 
milk; in the poorest district only three-quarters of the families 
bought the commodity. Information from retailers indicates that 
there are many people in the poorer areas of the city who form 
the opinion that they cannot afford fresh milk. It is true that 
the retail price of milk, during the years following the war, has 
been consistently above that of most other foods, and this may 
have limited consumption to a certain extent, especially in 
regions where standards of living are low. People whose incomes 
are limited purchase considerably less milk than their more 
wealthy neighbours. When it is realised that consumption 
amongst the poor only amounts to about a pint per person weekly, 
whereas it exceeds pints in the richer areas, it cannot be 
denied that income or purchasing power is jather an important 
factor, and it must influence demand to an appreciable degree. 
Further, it is almost certainly wrong to assume that the poor 
classes would not take considerably greater quantities of fresh 
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milk if they were financially able to do so, and there is no reason 
to believe that the consumption of milk in these regions could not 
approach that now attained in the more prosperous districts. 

Some households rely entirely upon tinned milk, as they do 
not purchase any fresh milk; in the table below the purchases 
of consumers who fall into this category are presented. 


TABLE V. 

Consumption of Tinned Milk per week in houses not taking liquid milk. 


Groups. 

No. of 
Houses, 

Whole. 

Per House. 

j Per Person. 



Pints. 

Cost. 

1 Joints. 

Cost. 

j 



d. 

! 

d. 

11, G.W.C. 

9 

— 

— 

i __ 

— 

III. N.H.A. 

U 

0.21 

1.14 

i 0.04 

0.25 

IV. P.W.C. 

26 

o.ea 

' 3.42 

1 0.16 

! 0.98 

Mean 

! 1 

0.i9 

1 2.66 

! 0.12 

0.65 


i 


G roups. 


Skimmed. 


Per House. j Per Person. 



Pints. 

Co$t. 

Pints. 

Cost. 



d, 1 


d. 

IT. G.W.C. 

3.90 

8.22 i 

1.07 

2.81 

III. N,H.A. 

5,02 

10.14 1 

1.11 

3.1B 

IV. P.W.C. 

5.10 

10.15 1 

1 1.38 

2.75 

Mean 

1 4.54 

9.80 

1.15 

2.49 


In the good middle class group all the houses take liquid 
milk, consequently it is excluded from the above table. In the 
good working class area there are nine cases receiving no supplies 
of fresh milk; it appears, however, that some of these families 
were in financial difficulties at the time, and as a result temporary 
curtailments of expenditure had been made. These people, more- 
over, did not purchase any full cream tinned milk, but relied 
upon the skimmed variety. The need of supplies of fresh milk 
is obvious from a study of the constitution of some of the families. 
There were twelve children present in these nine homes, five of 
whom were under seven years of age. None of the houses pur- 
chased any other kind of milk food, whilst only one child 
received milk at school. The remaining eleven children, there- 
fore, had to be content with condensed skim milk. 

Taking another group of consumers, those living in the new 
housing area, it is found that 14 per cent, of the families do not 
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buy fresh milk. In these houses twenty-six children are being 
reared, sixteen of whom are under seven years. Full cream milk 
is bought by only one household, whilst two others buy small 
quantities of tinned cream, in one case it is 9d. worth a week, 
whilst the other only expends 8d. on this commodity in the same 
period Only two children are provided with milk at school, so 
it appears that there must be a requirement for milk in these 
homes but for some reason the requirement is not translated into 
effective demand. 

The poor working class group here dealt with is not 
necessarily the poorest in the city for none commonly regarded as 
slum areas were included in the study. In this group there were 
twenty-six houses not taking liquid milk, these were inhabited by 
sixty-six adults, eighteen children between seven and fourteen 
years and thirteen younger ones. Four of the twenty-six families 
report buying full cream milk and none of these buys the skimmed 
variety. The quantity bought is equivalent to about pints per 
house weekly ; no other kind of milk food is purchased. Not a 
single one of the remaining twenty-two households obtain any 
kind of milk food other than tinned skimmed whilst only four of 
the children living in these homes are supplied with milk at school. 
It is therefore apparent that twenty-four children, ten of whom 
are under seven years have to depend entirely upon tinned skim 
for their requirements of milk. 

These figtires are based upon a study of samples from each 
region, but as these are representative of the areas from which 
they have been obtained they portray conditions in the various 
parts of the city within comparatively narrow limits. In the group 
of poor working class families just over a quarter of the people 
do not consume fresh milk and 21 per cent, of the children 
between seven and fourteen years have to live without any 
supplies of fresh milk whilst 24 per cent, of those under seven 
years are brought up under the same unfortunate circumstances. 
It is obviously a most undesirable state of affairs when it appears 
that about one-fifth of the children in the poorer districts of 
Cardiff are deprived of the food that is so essential for their 
healthy development. 

Among the other classes of citizens conditions are better, there 
docs not appear to be any privation with regard to milk in the 
middle classes. But even amongst the good workii^ class group 
this study shows that about 10 per cent, of the children are not 
given fresh milk at home. As this proportion is comparatively 
small it cannot be inferred that the custom of giving only 
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skimmed condensed milk to children is widespread or permanent. 
Persons conversant with the situation state that the prolonged 
period of unemployment has meant real privation in many homes 
not only with regard to milk but also in other equally important 
necessaries. A situation, however, where parents find it essential 
to limit the milk rations of their children must be damaging to 
health. In the new housing area conditions could also be 
improved, as the amount of milk taken is comparatively low 
whilst 11 per cent, of the children are dependent on skimmed 
condensed. It is obvious that many families are not in a position 
to feed their children adequately. Milk which is so essential to 
children should certainly be provided for them and the scheme 
for providing part of their requirements at school should be 
extended. Further, if the purchasing power of the poorer people 
cannot be increased in the near future to such an extent that they 
can at least afford to take some fresh milk, is it not possible to 
provide supplies at a lower price in those regions which are 
poverty stricken ? 

Cream: The consumption of cream varies enormously 
between the seasons of the year but in general there is a fairly 
steady demand for a certain small quantity especially amongst 
the more prosperous classes. During early April, however, there 
cannot be an appreciable increase in demand over the normal as 
this is too early for the effect of the soft fruit season to be felt. 
Except in the good working class district it is seen that only a 
very small proportion of the houses take cream, whilst in general 
the quantity taken is small. Cream is purchased either as fresh 
or tinned and it is of interest to note the respective proportions ; 
the good middle class buy 90 per cent, of the total as fresh cream, 
the good working class 79 per cent., and in the new housing area 
it drops to 58 per cent., while in the poor working class homes 
only 80 per cent, is bought as fresh cream. 


TABLE VI. 
Consumption of Cream. 


Groups. 

Per cent, 
of houses 
buying 
eretm. 

Total. 

Quantity 

bought. 

Total 

Cost. 

Quantity 
per house. 

Cost. 

per house. 




8. d. 

ozs. 

d. 

I. G.M.C. 

86 


29 5 

4.72 

9.8 

11. G.W.C. 



4 0 

8.67 

8.0 

HI. N.H.A. 



4 H 

2.67 I 

5.6 

IV. P.W.C. 



2 4 

2.40 1 

5.2 
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Daily Fluctuations in Sales of liquid Milk. 

Information obtained from several independent sources points 
to the fact that consumers do not require the same amounts of 
milk each day of the week. The following table indicates the 
fluctuations in demand throughout the week. 


TABLE VII. 

Liquid Milk taken per Household. 


(i roup$. 

(S 

Mon. 

as 

1 0) 

1 ^ 

Wed. 

Thurs. 

2 

Sat. 

Average 
per week. 


Pints, i 

Pints, 

Pints. 

1 

Pints. 

Pint». 

Pints. 

Pints, 

Pints. 

1. 

2.40 

2.14 

2.18 

2.10 

2.08 

2.15 

2.12 

2.16 

n. G.W.C. 

1.57 

0.96 

1.04 

1 1.00 

0.97 

0.94 

0.99 

1.07 

111. N.H.A. 

1.72 

0.68 

0.78 

0.82 

0.78 

0.77 

0.78 

0.91 

IV. P.W.C. 

1.12 

0.46 

0.54 

0.S5 

1 

0.50 

1 0.58 

1 

0.52 

0.60 

Mran .... ^ 

1.70 1 

1 

1.06 

1.12 

1 

1.12 

1.08 

1.10 

1.10 1 

1 

1.18 


The above table indicates quite clearly some of the condi- 
tions of retailing milk as well as one of the features of 
consumption. If a retailer were delivering to all the hundred 
families in each of these groups, or delivering over the area 
covered by one hundred houses, his average daily delivery to each 
house would be as given in the last column of the Table. Not 
all households, except in Group I, however, purchase fresh milk. 
The average of total daily deliveries to households actually 
purchasing fresh milk are as follows : — 

Pints. 


I. G.M.C 2.16 

II. G.W.C 1.17 

III. N.H.A 1.07 

IV. P.W.C 0.81 

All 1.36 


The average daily delivery to even the best houses is only 
about one quart a day. In two other groups the average is about 
1 pint per day, and pints on Sunday; and in the poorest 
group f pints a day, or half a pint for six days and 1 pint on 
Sunday. And the area of one hundred houses has to be covered 
to average these quantities. For most of the houses in the best 
group, probably, there is more than one delivery— often more 
than one retailer ; and some houses in the next two groups also 
get two deliveries. 
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In all groups the quantities taken on Sunday considerably 
exceed the average for the week. This is not so marked in the 
most prosperous district where the Sunday supply only exceeds 
the average for the week by 11 per cent., but in the good working 
class district the demand on that day is up by 47 per cent. In 
the region taking comparatively little milk the rise in week-end 
deliveries is enormous ; the new housing area shows an increase of 
90 per cent, and the poor working class district one of 86 per 
cent. 


TABLE VIII. 

Week-end Variation per Hotue. Houses not taking Milk omitted. 



Oroupt, 

Sunday, 

Monday, 

\ 

Average 

other 

Days, 



1. G.M.C. 
II. G.W.C. 

III. N.H.A. 

IV. P.W.C. 

Pints, 

2.40 

1.78 

2.02 

1.51 

Pints, 

2.U 

1.04 

0.80 

0.62 

Pints, 

2.11 

1.09 

0.92 

0.71 



Mean .... | 

1.95 

1.21 

1.26 



The table gives the actual quantities taken on the average 
by the houses taking liquid milk. Houses relying on tinned milk 
are omitted and when this is done the difference between Sunday 
and Monday sales as distributors encounter it becomes apparent. 
As hardly any variation occurs in the quantities taken during the 
other days of the week these are grouped together. 

In Table IX an attempt is made to portray the situation, 
with regard to the consumption of milk and other closely allied 
products, in households where children are present, and where 
they are absent. Persons up to fourteen years of age arc 
included as children. It is a debatable point as to whether 
children on the whole take greater quantities of milk than adults. 

In the good middle class households it can safely be assumed 
that wherever liquid milk is needed by children their needs can 
be met and it cannot be inferred that in this group small changes 
in incomes or the price of milk would have any appreciable effect 
upon the quantity of milk supplied to children. Moreover, only 
very small amounts of tinned milk arc bought by this class of 
people. Comparing families with and without children in this 
group it is seen that there is no significant difference in the 
quantity of milk taken. It is interesting to note that in both the 
new housing area and in the poor working class group more liquid 
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milk is taken per person by the families without children. As the 
quantity of full cream tinned milk in both cases is very small it 
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cannot be assumed that this displaces liquid milk to any appreci- 
able extent. With regard to tinned skimmed milk, fair quantities 
are purchased by households in both groups, but it is the families 
without children that take the largest quantities, whilst the total 
expenditure on all kinds of milk food is greater in families 
containing only adults. It is sometimes suggested that families 
without children are able to enjoy a higher standard of living 
and that it is these people, especially amongst the poor classes, 
who take the largest quantities of milk. It appears in some cases 
that when several children are present in poor homes, no 
additional supplies of milk foods are bought with the result that 
there is less for each, and when the total quantities of milk going 
into such homes are divided by the number of persons present 
results similar to those submitted in Table IX are obtained. 

The analysis can be pursued, however, to the statement of 
the value of milk and milk foods purchased per head in families 
of different sizes, irrespective of whether the members are 
children or adults. The complete figures are given in the 
Appendix, but the summary is as follows : — 


Purchase* of Milk Food per Head by Sise of Family. 


Pence per head. 


No, of 
Persons in 
Family. 

G.M.C. 

G.W.C. 

N.H.A, 

P.W.C. 


d. 

d. 

d. 

d. 

1 

— 

— 

— 

8.80 

2 

11.85 

T.65 

6.60 

8.70 

8 

14.80 


10.10 

5.98 

4 

10.55 

7.85 

5.68 

6.15 

5 

10.54 

6.88 

4.80 

4.96 

6 

9.48 


8.68 

6.18 

7 




8.22 

1 


The general tendency shown is towards lower consumption 
per head as the size of family rises, although this tendency is 
interrupted at various stages in each of the groups. But perhaps 
the most important feature of this summary is the indication 
that the conditions which cause high or low consumption per 
head are many and various. The amount of income in relation 
to number of persons to be maintained is obviously one factor 
determining the amounts purchased, but the presence or absence 
of children, especially babies, is another; and still others are to 
be found in the differences in preferences, tastes and habits of 
undefined character. 


G 










98 The Welsh Journal of Agriculture. 

PART II. 

Some Conditions of Demand. 

With the general facts as ascertained in the investigation in 
mind it is possible to discuss some of the conditions of demand 
for milk. In this connection some features of the daily distribu- 
tion of purchases of milk during the week are important. From 
the figures themselves it is obvious that in all the districts there 
are special purchases of milk for culinary purposes on the Sunday. 
In the poor working class district the week-day purchases of fresh 
milk are almost entirely for use in beverages ; and in two other 
districts the week-day purchases are mainly for this use. The 
quantities are such that with common use in beverages over the 
families of the three lower groups there can be very little left for 
any other purpose. Thus, to a certain extent, the problem of 
increasing the demand for milk, given sufficient purchasing power, 
appears to be partly one of extending the Sunday or week-end 
habits to other days. There is, however, reason to believe that 
the consumption of fresh milk and possibly of some other milk 
foods in the poorer districts of Cardiff had fallen to some extent 
in the months proceeding the investigation, and to that extent 
some increase in consumption requires only a return to previous 
habits. There is thus reason to believe that increase in 
purchasing power would bring renewal of some habits, and with 
an appreciable increase in incomes new habits might be 
established. 

Under strong suggestion, or under education of a character 
that would stir the will as well as the reason, there might even 
be divertion of existing purchasing power to make a greater 
demand for milk. A new or a clearer conception of the condi- 
tions of welfare of children, or of some other individuals in 
special need of a milk diet, would bring such a change. For 
children or other persons needing milk under special circum- 
stances such changes will be made for a short period, but the 
change is apt to be temporary. The habit of consumption is 
apt to be related to the sp>ecial need and to pass with it. For 
children under normal circumstances some families with rela- 
tively low incomes do make special provisions even at some 
sacrifice of other possible purchases, but it is obvious in the 
lower consumption groups here dealt with that such special 
provision is not general. Whether lack of purchasing power or 
general ideas and habits are the more important in this connec- 
tion it would be difficult to say, but it is obvious that stimulus 
to change of habit must be fairly powerful if change is to be 
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obtained without an increase in purchasing power. It may be 
assumed without much risk that an increase in purchasing power 
would maintain the steady, normal, consumption of milk. But 
it does not follow of necessity that a further increase in 
purchasing power would bring increased expenditure on fresh 
milk and its substitutes or increased consumption of fresh milk. 
The direction of new expenditure which may become possible is 
a matter of choice, and choice will be determined by desires 
ingrained or stimulated by suggestion, imitation, previous habit, 
deliberate thought — by all sorts of conditions. 

Before any judgments are offered, however, attention may 
be drawn to what is one of the most remarkable results of the 
investigation. There was almost unanimous agreement amongst 
retailers that customers who moved to new housing estates 
immediately reduced their purchases of fresh milk. There was 
also a suggestion — of which there is no test in the records — that 
slow payment or bad debts tended to be more serious in new 
housing areas than in almost any other type of district. Both 
these conditions, it was stated, arose from the drain of high 
rents or mortgage payments on the weekly (or periodical) incomes 
of the occupants of new houses. The general opinion was that 
these conditions arise almost irrespective of the different kinds 
of ownership or tenancy under which the new houses may be 
occupied. As regards consumption, the retailers’ judgments must 
be accepted as correct. The new housing area group of house- 
holds is shown as expending less per person on fresh milk and 
milk-substitutes for fresh milk than the households or the good 
working elass area, and about the same amount per person as 
the households of the poor working class area. It is remakable, 
too, that these households purchase less fresh milk and more 
condensed than those of the good working class : 14 per cent, of 
new housing area households did not purchase fresh milk as 
against 9 per cent, in the good working class. Thus there appears 
to be evidence that an expansion of requirement of purchasing 
power without an increase in the power itself will and does 
decrease the purchase of fresh milk. It is almost certain, also, 
that a contraction of purchasing power against normal or steady 
requirements of living will again decrease the purchase of fresh 
milk. The practical absence of the purchase of condensed milk 
in the best district and its occurrence, and the varying frequence 
of its occurrence, in the other groups obviously has an important 
bearing on the consumption of fresh milk and a less obvious bear 
ing on the total consumption of milk. In the poor working 
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class group twenty-six households, clearly, use milk — and all 
condensed — mainly if not only in tea or other beverages, and 
almost certainly mainly in tea. In the new housing area, fourteen 
households and in the good working class area nine households, 
use milk only or mainly in this way. In these families the condi- 
tions of consumption are complex. It could not be said that lack 
of purchasing power is the only determinant of choice of 
expenditure. Some, at least, of these families who purchase only 
condensed spend as much on milk as others in the same groups 
who purchase the fresh variety, although the average expendi- 
ture per household and per person of the families purchasing 
condensed is much lower. 

Purchasing power is one, and often the most important 
factor in the choice. Yet there are others that cannot be 
neglected. Mere ignorance must not be assigned as a cause of 
choice without good grounds. Some ignorance exists but it is 
not of a kind which is removable without sympathy and clear 
understanding. Families who purchase only condensed milk 
frequently use it only as a constituent of such beverages as tea, 
although it is not unknown as a substitute for jam and sometimes 
for butter or margarine — on the children's bread. Used only 
as a constituent of beverages it may be more immediately 
economical than fresh milk, especially where storage facilities are 
poor or non-existent. Chemists or dietitians, perhaps, must 
decide on its final economy ; in the day-by-day or week-by-week 
budget of the poor housekeepers its economy sometimes appears 
obvious. This is especially the case where hours of meals are 
uncertain or irregular and where meals are taken during other 
people’s normal sleeping hours. Under these circumstances, the 
tin of condensed milk is always ready and usually the contents 
are in fair condition. But beyond this there is the factor of an 
acquired taste for the slight ‘‘ burnt milk ” or toffee ” flavour 
in the condensed variety. This is not unknown amongst social 
classes other than those who are compelled to purchase it, for 
boys and men who go to camp and consume it there sometimes 
acquire the taste, or appreciate the flavour under the conditions 
of consumption. The principle, possibly, is that persons who do 
not obtain a varied dietary, or obtain food in fairly rough condi- 
tions, appreciate the stimulus to the palate given by the ** toffee 
flavour. In any case habitual consumers of con<^nsed milk will 
not always accept fresh milk as an adequate substitute for 
condensed milk in beverages. Fresh milk is said to lack 
flavour ” or “ character ” and sometimes to be ** sickly stuff 
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It is almost certain that a change from condensed to fresh milk> 
in some cases, would require to be made in connection with a 
somewhat general change — and improvement — in dietaries. And 
for this an increase in incomes or somewhat general change in 
conditions of living may be necessary. The most serious condi- 
tion in respect of consumption of condensed milk amongst the 
families here dealt with is that an appreciable number of children 
do not obtain any fresh milk. Their tastes and habits could 
almost certainly be directed towards fresh milk. 

It is not lightly to be assumed that an increase in purchasing 
power, an advertisement campaign, even a short-period 
demonstration, or any other single or simple specific, will increase 
the purchase and consumption of fresh milk. A combination of 
conditions and forces is almost certainly required to bring a 
general increase in effective demand that will remain after 
temporary stimuli are removed. Some families would respond 
to one condition or stimulus, some to another, but in all cases 
the first establishment of habit is required for anything like 
permanent change. While it appears that a change from con- 
densed to fresh milk in the families now purchasing the former 
is likely to make some increase in total consumption expectations 
of the amount of such increase are too easily exaggerated. 
Increase in purchasing power as well as change of taste and 
habit is required before these families will make any important 
increase in their total milk purchases. A mere change of their 
present expenditure from purchase of condensed to fresh milk 
would increase the demand for the latter by nearly 20 per cent. 

Without attempting a theoretical or an exhaustive analysis 
of the conditions of an increase in the effective demand for milk 
an indication of the general conditions is possible. A certain 
amount of expenditure on milk (or what may be called milk- 
-stuff in every family, is expenditure on a recognised 
necessity. All the 400 families purchase milk in one form or 
other, but only 850 or 87.5 per cent, purchase fresh liquid milk 
while 50 or 12.5 per cent, purchase only condensed tinned. The 
families which purchase other than fresh milk choose their supplies 
either on the basis of preference or taste, or because their means 
do not enable them to obtain fresh milk, or because they consider 
that the supplies of condensed milk obtainable with their present 
expenditure are cheaper and more economical. In any case, it 
must be presumed under present circumstances that current 
expenditures on the condensed variety give greater satisfaction 
than would be obtained from supplies of fresh milk obtainable by 
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an equal expenditure. This satisfaction may arise from either of 
these conditions : the supply may be greater, or it may be more 
convenient, or it may be more economical (ue. may keep or last 
longer or ‘‘go further ’*) than the supply of fresh milk obtain- 
able with the same expenditure; or the supply of condensed 
milk may have qualities (in the judgment of the actual con- 
sumers) such as sweetness or other flavour which outweigh other 
disadvantages. In this latter case it is possible that the supply 
of condensed milk may be smaller or less convenient or economical 
than supplies of fresh milk obtainable with a given expenditure, 
and that supplies of condensed milk will still be purchased because 
of special qualities. Most probably a combination of these con- 
ditions accounts for the continuance of purchase of condensed 
milk. 

There may be, and almost certainly there is, ignorance of the 
relative nutritive values of fresh and condensed milk ; but it doea 
not follow that if this ignorance were removed the consumption 
of the condensed variety would cease, for some of the other con- 
ditions would still remain. 

In considering the possibilities of increasing the effective de- 
mand for fresh milk the main changes in view will be : — 

(1) Increasing purchase of fresh milk by families now buy- 
ing it. 

(2) Diverting the present expenditure on condensed to pur- 
chase of fresh. 

(8) Increasing the expenditure on milk of families now pur- 
chasing the condensed variety. 

The present expenditure on milk of any of the families is not 
a measure of the necessity of milk in their dietaries : it is only a 
measure of the comparative necessity of milk amongst the other 
possible foodstuffs and also amongst other requirements of living 
and other satisfactions which the families can purchase with their 
present incomes. With their present dietary habits, with their 
present valuations of milk as an item in the dietary, they 
apportion their incomes amongst many requirements. The 
possibilities of change of dietary habits, and in valuations of 
milk leading to an increased demand, vary with each group and 
to some extent with each family. But they also vary with the 
conditions of supply and the price of milk itself, and quite 
possibly to a small extent with the quality of the fresh milk on 
offer. 

The important factors are : 

(1) Purchasing power (or incomes) of families. 
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(2) The valuation of milk as an item of dietary. 

(8) The quality or reliability of the milk offered (or the 
absence of any fears which would retard rising valuation of milk). 

As regards the middle class group it must be assumed that 
they have adequate purchasing power for an increase in milk 
purchases if their valuation of milk rose. An addition of 50 per 
cent, to their expenditure on milk and related goods dealt with in 
this study would only amount to 2s. per week. With stationary 
incomes, even here, such increased expenditure would require 
curtailment of other expenditure (or of saving). A rise in the 
appreciation or valuation of milk must to some extent precede 
an increased expenditure. Such a change in appreciation might 
be brought about by a removal of any existing fears of dangers in 
milk ; but, of greater importance, by a publicity or educational 
campaign on the nutritive values of milk. The success of any such 
campaign requires a series of changes in the dietary habits of the 
families and a rearrangement of expenditure. Alternatively, a 
greater quantity of milk could be sold to this group without a re- 
arrangement of expenditure by decreasing the price of milk — 
given that the means set free were spent again on milk. But a 
drop in the price of milk does not necessarily bring this result ; it 
may only set free some means for expenditure on other satis- 
factions. An increase in consumption by reason of decrease in 
price also requires some change in consumers* appreciation or 
valuation of milk, though not so much of change as would be re- 
quired with a stationary price ; but it requires the same change in 
dietary habits.® Again, if an increase in incomes were postulated 
in this group it does not follow that it would lead to increased 
expenditure on milk ; and it would not do so unless it coincided 
with a rise in consumers* valuation of milk. In this group some 
increase in purchase might be stimulated by a campaign of 
publicity or education to raise consumers* valuation which co- 
incided with either a rise in purchasing power or a fall in the price 
of milk itself, or in prices of other requirements ; there would be 
greater resistance to a rise in expenditure on milk which required 
re-arrangement of the present dietary budget, but there is always 
the resistance of dietary habits to overcome. 

We are here dealing with the very vexed question of the 
degree of elasticity of the demand for milk. Fortunately, perhaps, 
the elasticity of demand for milk is not equal to unity ; that is to 
say that an increase or decrease in price will not bring an equaal 


® That is, assuming that the families are already fully-fed. 
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decrease or increase in demand. However much the absence of 
unity in an upward direction of demand is to be regretted, the 
existence of a certain minimum demand which exists to some 
extent irrespective of price (t.e. irrespective of price within 
certain limits) has been an important factor in the maintenance 
of prices. In quite homely terms, this minimum demand repre- 
sents the quantity of milk required in beverages such as tea, 
cocoa, and coffee and possibly for the Sunday pudding ; but the 
minimum demand varies to some extent in different classes and 
in different households in any class. It represents the quantity of 
milk in uses for which the consumers have the strongest attach- 
ment and therefore the highest valuation. Further use of milk 
beyond this minimum depends on incomes, prices, and apprecia- 
tions of the other uses. 

In Groups 2, 3 and 4 it is obvious that a part of this minimum 
demand, especially that arising from use in beverages, can be 
satisfied by supplies of the condensed variety. This part of the 
demand is for what may be called ‘‘ milk-stuff ** and not 
necessarily for fresh milk. This demand may rest on ignorance, 
on poverty, or on taste or even on a fairly rational assessn^ent of 
economy. Any change will require either increased purchasing 
power, or education, and quite possibly both. Any mere 
divertion of present expenditure of the Groups on condensed 
milk to purchase of fresh milk would only slightly increase the 
total milk consumption of the country, including milk now sold 
as liquid and as condensed, although it would increase the con- 
sumption of home produced fresh milk. 

In Groups 2, 8 and 4, then, any increase in consumption of 
milk is to some extent dependent on increase in purchasing power. 
Free purchasing power for increasing expenditure on milk could 
be obtained in any of these ways (1) an actual increase in incomes ; 
(2) a reduction in the prices of some or all requirements other 
than milk ; (8) a reduction in prices of all requirements including 
milk; (4) a reduction in the price of milk alone. Assuming an 
increase in purchasing power from any one or more of these it 
does not follow of necessity that more milk will be purchased. A 
fall in the price of milk itself will bring some increase in the 
demand, but most probably not an equal one — ^that is to say that 
a fall from 7d. to 6d. a quart will not universally bring an increase 
from 14 to 16 or from 7 to 8 pints a week (or over a whole group 
— ^from 700 to 800 pints). There are always alternative uses for 
the free purchasing power, and milk must compete for the coa- 
sumers’ appreciation with the other things which are purchase- 



Consumption of Milk in Cardiff. 


105 


Able* Purchasing power set free by a fall in prices of other re- 
quirements will not necessarily be spent on milk; it is at least 
equally likely to be spent on other things unless there is special 
reason for a rise in consumers* appreciation of milk at about the 
time of the change. Again, for any definite increase in income 
which provides free purchasing power there will be competing 
desires and it will not necessarily be spent on milk. 

In the absence of any setting free of present purchasing power 
or an actual increase in incomes, the possibilities of increased 
expenditure on milk depend on making important changes in con- 
sumers* valuation of milk, in dietary habits, and in the re-arrange- 
ment of expenditure of present incomes. The social forces of 
publicity, of education, of demonstration required to make such 
changes would be very considerable. But in any case, even with 
the existence of free purchasing power, the application of these 
social forces will be necessary. To assume otherwise is to assume 
that some of these forces have been at work, that their influence 
has been exerted, that the potential demand for milk exists, and 
that only purchasing power is lacking. 

In all these Groups (2, 8 and 4) there is undoubtedly a certain 
amount of potential demand which cannot be implemented by 
purchasing power — first, a possibility of some change from con- 
densed to fresh milk, second, an extension of the use of fresh 
milk to some uses more or less habitually followed before the 
industrial depression. Some appreciations, or clear recognitions 
of satisfactions to be obtained by greater purchase and con- 
sumption when means allow, are undoubtedly present. But 
effective demand arising from these would not greatly increase 
total demand. For this purpose, some new appreciations are 
required. 

The probability is that the change in dietary desires and 
habits required to raise effective demand for milk can be made far 
more easily in the case of children and young people than in 
adults. The appreciation of the importance or of the value of 
milk, however, must come through parents rather than through 
the children or young people themselves, except in cases in which 
children have gained an appreciation in school or young people 
have gained it through other contacts. Quite possibly one of 
the best ways of inculcating high appreciation of fresh milk is 
that of supply through the schools* This, however, is not wholly 
effective, for it is known that the habit of drinking milk in the 
morning in school is not by any means always followed during 
holiday periods. This is partly because the need of sustenance 
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during the morning can be met, at home, by the supply of other 
foods — bread and butter or bread and jam, or biscuits — ^but 
fundamentally because the appreciation of milk has not been 
inculcated in the parents. The habit of drinking milk at other 
times of the day must, in almost all cases, be inculcated by 
parents. And it is to the parents that the appeals of publicity 
or education must be made. Most probably they would respond 
more quickly and fully to appeals made in respect of their 
children than in respect of changes in their own habits; almost 
certainly if change required sacrifice of other purchases and other 
satisfactions the sacrifice will be more commonly made for 
children than for any change in the sources of satisfactions for the 
parents themselves. 

While the requirements of individual and public health, 
especially of children, almost certainly call for greater con- 
sumption of milk such greater consumption is dependent upon : 

(1) Increase in incomes or a setting free of purchasing 
power. 

(2) Change in dietary habits. 

(8) Such change in the appreciation or valuation of milk as 

will lead to change in habits, and as will lead to greater purchase 
with or without sacrifice of other satisfactions. 

But lower retail prices of milk would assist to stimulate 
demand, and most probably would raise effective demand to the 
point at which all the uses which were covered before the in- 
dustrial depression would again be covered. 
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APPENDIX. 

Purchase of Milk Foods per Household by Size of Family. (Houses 
not taking liquid milk omitted). 

Good Middle Class. 
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wish to record their gratitude to the Public Health Department of the City 
of Cardiff and to Dr. R. M. F. Pioken, Ch.B., B.Sc., D.P.H., who was then 
Medical Officer of Health, for assistance received in the collection of data 
used in this study, but to say that they are solely responsible for all opinions 
expressed.— A.W.A.J 























CATTLE-RAISING BY ‘‘SUCKLING’’ IN 
RADNORSHIRE. 


By S. T. Morris, B.Sc., 

University College* Aberystwyth. 

The system of raising store cattle, mostly of a Hereford or 
Hereford-cross type, by suckling on cows is practised in several 
parts of Wales. It is a system which requires a minimum of 
labour and a relatively large amount of land for a given amount 
of value of product. The quality of land in use for this system 
varies from that of some of the fairly rich and sheltered portions 
of the Severn Valley to poor and exposed hill pastures at fairly 
high altitudes in other parts of Montgomeryshire and in Radnor- 
shire and Breconshire. 

Some study of this system seemed desirable, for while most 
agricultural systems are being intensified in one way or another 
very little change seemed to be occurring in this method of herd 
management and production of store stock. The system has been 
an integral part of the complete system of beef production as 
practised in this country. Probably it has two aspects : — (1) 
It has enabled the farmers who follow it on the better, qualities 
of land to produce high quality stores for feeders and also to carry 
forward from birth in good condition the animals they intend to 
fatten on their own farms; (2) It has enabled farmers on the 
poorer lands to produce stores of fairly good quality. The profit- 
ableness of the system has largely depended on the price of land 
and on the prices of stores which are ultimately related to the 
prices of beef — and where feeding and store-raising have been 
combined, directly on the price of beef. 

While it was not possible to study this system of management 
in all its forms, it seemed desirable to make some study of its 
simplest form. This is most widespread in Radnorshire and 
therefore a preliminary survey was conducted in that county in 
1981. 

Radnorshire is mountainous and rugged, a considerable 
proportion rising to an altitude of over 1,000 feet, and over 40 
per cent, of its area is returned by the Ministry of Agriculture 
and Fisheries as rough grazing. It is therefore not surprising 
that its farming is almost entirely of a pastoral nature. By far 
the most important branches of farming are the rearing of store 
sheep and cattle, and the relative importance of the two types of 
stock production varies from one part of the county to another. 
The very dense sheep population is distributed throughout the 
eounty, but whereas there are areas in the higher and more remote 
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parts where sheep are practically the only form of livestock 
kept, there are other districts, at lower altitudes, where cattle 
rearing is predominant. But even on the lower ground, sheep 
always constitute an important proportion of the livestock carried. 
A very small portion of the farm is tilled, mainly for the growing 
of oats, barley and roots, most of which are fed to the stock. 
The greater part of the livestock is marketed in store condition to 
be finished in some more congenial parts of the country. In the 
lower and more accessible parts of the county, however, fat lamb 
production, although by no means widely adopted, assumes some 
importance, while in the lower districts of the county some cattle 
fattening, both summer and winter, is practised. 

The cattle reared are almost entirely of the Hereford type, 
which apparently is well suited to the conditions of the county. 
The sheep on the higher lands consist mainly of the Radnor or 
Welsh Mountain breed, while Kerry or ‘‘ dark faces predom- 
inate in the lower lying districts. Many farmers run Kerrys or 
Kerry crosses over the better and lower parts of their farms, 
while the Welsh type is given preference on the hills. Of course, 
there are innumerable crosses, and it is a very common procedure 
in Radnorshire for the lowland farmers to buy Welsh sheep from 
the upland districts, cross them for two or three generations^ 
with Kerry rams and the improved and larger sheep are then 
sold as Kerry,” a type much sought after by the English 
graziers and lamb feeders. This widely adopted system of sheep 
improvement frequently has brought financial success, and is a 
method of advantage to the livestock industry. The Radnor- 
shire farmer occupies an intermediary position between the 
breeder of the small Welsh Mountain type of sheep on the one 
hand, and the English grazier on the other, who is provided with 
a very suitable type of ewe for lamb rearing. 

There is very little production of liquid milk in Radnorshire, 
and practically all the milk produced is sold locally or converted 
into butter. The production of butter is a sideline of store cattle 
raising, sales are mainly in the local markets on a rather small 
scale. Dairying as such occupies an insignificant position in the 
county, and it is doubtful whether it would ever receive con- 
sideration were it not for the fact that frequently the women folk 
partly or wholly rely on its meagre returns for their house-keeping 
money. The pig population is small and the market confined 
within narrow limits. In fact, the pig population for Radnor- 
shire is the lowest in density of any county in Wales. Very little 

1 Welsh X Kerry; Welsh-Kcrry x Kerry: Welsh-Kerry-Kerry x Kerry. 
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porking is done, and what breeding sows are kept are used for 
the purpose of obtaining store pigs for local bacon requirements, 
and these stores are usually sold as weaners. Very little 
attention is paid to poultry, and it is doubtful whether poultry of 
any description would be allowed to appear on many farms were 
it not for the efforts of the women folk to increase the resources 
of house-keeping. 

There is a large export of store sheep from the county, mainly 
into the West-Midland counties of England, but sheep from the 
west and the north-west of the county may move into parts of 
North Wales. South Wales is the principal market for most of 
the fat lambs produced and the remaining products find a local 
market. 

The size of farms in Radnorshire runs fairly high, the 
average size of all agricultural holdings in the county being 
about 70 acres against a similar average for Wales of 46 acres. 
Only Breconshire amongst the Welsh counties has a higher 
average. The amount of labour engaged on farms is relatively 
small, for as shown by the Census figures Radnorshire has only a 
little over two-thirds of the average amount of labour engaged in 
agriculture in Wales as a whole. 

Persons engaged in Agriculture per 100 Acres Cultivated Land. 

(Approx.) . 

Radnorshire. Wales. 

1911 2.6 3.5 

1921 .... .. 2.3 3.3 

Recent changes in the agriculture of the county have been : 
a decline in arable land ; an increase in proportion of oats and 
decline in other cereals ; an increase in cows in milk ; a decrease 
in the older stores or feeding cattle (namely over 2 years) ; a slight 
increase in younger cattle ; an increase in total sheep made up of 
increases in ewes and younger sheep with a decrease in the older 
store sheep. 

The system of raising calves on cows fits into the general 
system of farming, which consists mainly of cattle and sheep 
raising. The general system of management of the cattle is a 
very interesting one, having been evolved to suit the particular 
conditions existing in the county. Although methods differ from 
district to district and from farm to farm, the general system is 
the same throughout the county. In the first place the system 
adopted is essentially an open-air one, aiming at a maximum 
reduction of cost. The ultimate object is a store animal to be 
sold off the farm at the most convenient time to suit the general 
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farming system. Numbers, rather than quality, has been the 
aim of the producers of store stock. It is here that the producers 
have often failed, for since they are far removed from the ultimate 
user or consumer, they have not given sufficient thought or 
attention to his requirements. The quality of the fat animals 
depends a good deal upon their treatment when young, and for 
this reason considerable responsibility for final quality rests with 
the rearers of store stock. 

But the Radnorshire farmers^ prime object is to rear as 
cheaply as possible and his system certainly recommends itself 
in this respect. Consequently he interferes as little as possible 
with the natural conditions. The cows calve in the spring mainly, 
as near to the time of turning out as possible, and many calve 
after they have been turned out. The calves run with their dams 
for the rest of the summer, at the rate of about one calf to one 
cow, aiul they require very little attention of any kind. They 
remain with the cows for about seven months on the average, 
April being the principal calving month and November the usual 
* housing ’ time. 

On the whole the treatment of the larger herds approaches 
more nearly to the above system, but there are many modifi- 
cations of which a few examples may be given. Whereas the 
general tendency within the larger herd is for the heifers to calve 
first at three years, some of the smaller farmers get their heifers 
to calve a year, or nearly a year, earlier. The larger farmers 
believe in giving their heifers sufficient time to mature properly, 
but for the smaller farmers the waiting period before returns are 
available tends to be somewhat long. Again, the owners of 
larger herds in order to minimise the amount of labour required, 
endeavour to get as many as possible of their cows to calve out 
of doors. With the smaller herds, however, labour supply seldom 
makes an acute problem. Consequently the smaller farmers can 
often pay more attention to their calves. They arrange for their 
cows to calve at different periods, and thus endeavour to secure as 
many early spring calves as possible, for these will then make 
stronger yearlings by the following year. The more enterprising 
of the smaller farmers make every effort to do their calves well. 
In most eases the larger proportion of the cows in these small 
herds are of a milking strain and usually the calves do not run 
out with the cows but are suckled twice daily. In cases where 
the dairy requires milk some cows are retained for milking, and 
two calves may be put on one cow, or some of the calves may 
be bucket-reared. If they are well looked after these grow 
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fast and make good animals, but in some instances very poor 
specimens may result from hand-rearing. In most cases the 
larger farmers keep a few crossbred cows to supply the household 
with milk and butter ; any surplus butter being sold. The calves^ 
from these cows are occasionally reared by hand, but usually by 
putting two calves on one cow. On the whole, however, bucket 
rearing does not appeal to the owners of the larger herds. Few 
calves have been bought or sold, but there is a tendency on the 
part of owners to buy more in recent years, not merely to replace 
losses, but in order to intensify the system of rearing. 

One of the main problems at the present time is to try and 
shorten the non-productive period of the herd. Thus in the past 
the usual age for the cows to have their first calf was at three 
years, which necessitated keeping them a considerable time before 
getting any return. It is true that the owners of the smaller 
herds have considerably reduced this period, but the larger 
farmers have contended that earlier breeding is injurious to the 
animals’ general development. Several methods have been 
adopted in order to overcome this difficulty. In the first place 
some farmers have adopted the system of breeding fropi older 
cows and selling their heifers. They keep these cows as long as 
they will breed, bringing an occasional heifer into the herd or 
buying a cow to keep up the numbers. The heifers are sold either 
as ^ barreners,’ with the steers, or as ‘ in-calvers,’ at about two 
years. Probably the most interesting experiment in this direction 
was that of a farmer who solved the problem by getting his 
heifers to calve about the month of May at two years, their calves 
being taken from them and reared by other cows that had calved 
earlier in the season. And finally many farmers have acted 
directly and have made it their common practice to get their 
heifers to calve at about the age of two years, regardless of the 
consequences. In some cases they have gone in for earlier 
(seasonal) calving so that the heifers are somewhat more than two 
years old when they themselves calve. 

The alternative to the discovery of economies in the cost of 
maintaining the herd is that of devising a method or methods of 
raising more produce with the same amount or a little extra cost. 
The very extensive system of rearing only one calf per cow, and 
allowing that calf plenty of time in which to mature, is getting a 
little out of date. Consequently all kinds of modifications of the 
old system are being adopted, and a general tendency in some 
districts is towards rearing more than one calf per cow in the 
herd. A few examples might be cited at this point. 
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A small farmer, who possessed only four cows, accomplished 
his object of rearing more calves by getting his cows to calve at 
an early period, for this district, namely in February. They 
suckled their calves for four months until June, the calves being 
gradually weaned on to dry food. He then bought four other 
calves which had come to the local market from the Cheshire 
district, and suckled these on the cows until November. Thus 
each cow reared two calves. Another farmer with a herd of only 
four cows did even better than this. His cows calved fairly early 
in the year (in March), and possessing fairly good milking 
qualities, they reared their calves and also provided a little milk 
for the dairy. Later in the season, this farmer purchased six 
young cah es for hand-rearing. His cows provided the new milk 
with which to start them, and after a short time they were fed on 
cream-equivalent and later on a dry feed. Several of the more 
enterprising large farmers have been adopting the more than 
one calf per cow ’’ system. In their herds they have half a dozen 
cows of a milking strain, and calves are bought for these and thus 
the cows rear as many calves as possible. One farmer in par- 
ticular asserted that ten of his cows had reared 26 calves in one 
season. On the average the cows of these herds are older and 
many of the younger cattle are sold. 

But in recent years ^ the price of young calves has been 
exceptionally high, making it more difficult to purchase, so that 
the general adoption of the above system is likely to give rise to 
its own problems. Also these purchased calves are difficult to 
rear, and a certain amount of risk has to be undertaken. But 
the farmers have come to recognise the fact that some change 
from the present system is necessary. There is not sufficient turn- 
over from the herd, and where the labour problem is not acute, 
c.g., on family farms, the farmers would be well advised to 
intensify the production of their herds, and the preceding 
illustrations are sufficient to show that efforts are being made in 
the right direction. 

Several of the obstacles have been mentioned, but one other 
is worthy of note, as it has considerably retarded progress of 
some big herds. This is the disease known as ‘ White Scour ’ 
which is so fatal amongst calves. There is ample proof that this 
disease is more prevalent among calves that are confined indoors, 
and consequently the herds which have suffered most are those 
where early calving has been practised. Thus many farmers who 
endeavoured to get earlier calves suffered considerable loss due 

2 Up to 198b 
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to this disease, and have now gone back to later calving and ^he 
outdoor system. 

Except in the vicinity of the towns, where some fairly good 
herds of milking shorthorns are to be found, few farms possess 
any really good milking breeds. The majority keep one or more 
crossbred cows of a better milking strain to supply milk for house- 
hold purposes and also some for butter-making. Butter is pro- 
duced on nearly all farms, the greater proportion of the marketed 
butter being sold during the summer months. The principal 
buyers are local dealers. How little importance is attached to 
dairying may be gathered from the study of fifty farms from 
which data was obtained. On the average only 17 per cent, of 
the total output per cow in each herd — (net calf products plus 
dairy products) — was represented by dairy products. Butter 
consumed and sold constituted some two-thirds of this amount. 
However, the writer found one farm in this district where the 
farmer had completely changed over to dairying. All the milk 
from the herd of Shorthorn and Jersey cow^s was separated and 
the cream sent to a Midland dairy company. The skim milk was 
partly used at home for pig feeding, the remainder being sold 
to a few local pig-rearers. 


Survey Results with Special Reference to Calf-Rearing. 

The fifty farms on which this study of the principal problems 
of the calf-rearing industry was carried out in the summer of 
1930 are all situated in and around the Radnor Valley. This 
area is in the form of a basin and is composed of a fairly fertile 
soil. It figures prominently in all the writings of Radnorshire 
historians. To quote Clark. ** the soil in the Vale of Radnor . . . 
is of a dark grey colour, well adapted to the nourishing of grain 
and grass, to which it is alike congenial.” ^ Williams also speaks 
of this district in his writings on Agriculture, “ the Vale of Radnor 
in the Eastern extremity of the county, is basin-like in shape, 
with a flat surface, which in ancient times was a large lake 
surrounded by an amphitheatre of hills.” ^ The soil of this 
valley is of a gravelly nature containing some loam. Its one 
river, the Somergil, in dry weather disappears for a part of its 
course, due to an underground channel through the sandy sub- 
soil. 

From an agricultural point of view the Radnor Valley is 
very important, its farming is well developed and resembles more 


^ Clark. Report on .A (rrimlture for Radnor. 1794. 

♦ Rev. J. Williams. History of Radnorshire, 1910, 
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closely the English than the Welsh type. Its farms arc large and 
well looked after, the pastures are some of the best, and in 
general it appears to be a very prosperous agricultural district. 

The farms range in size from 40 to 500 acres, the average 
being 178 acres. For convenience in interpreting the results, two 
classifications have been taken; (1) Size: — Farms above and 
below 150 acres, and (2) Altitude : — Highland and Lowland 
farms. These two classifications do not differ very much, as the 
farms less than 150 acres are practically all within the highland 
group, whilst the 20 farms of the lowland classification are nearly 
all big farms. 


TABLE I. 

Sise and Value of Herd by Group ClaMification. 

v" " I 1 
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21 

PI 
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All Farms 

50 

178 

U.S 
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The herds range in size from 3 to 45: the average number 
for all herds being 14. Twenty-one herds exceeded this average 
and the remainder were below it. Table I shows the size of herd 
in relation to the size of farm, and also the difference in their size 
as between Highland and Lowland farms. It will be seen that 
size of farm is a very decided factor in determining the size of the 
herd ; the marked difference in size of herd between highland and 
lowland being mainly due to the difference in size of farm. 

Practicallv all the cows are of the Hereford or Hereford-cross 
breed — a useful commercial type and fairly hardy. In practically 
every case pure-bred Hereford bulls are kept and some of these 
are registered under the Ministry of Agriculture's Livestock 
Improvement Scheme. The average age of the cows in all the 
herds is a little less than five years, t.e., on the average they 
would have had two calves. Thus, generally speaking, the herds 
are comparatively young. A few farms, however, retained their 
cows for a longer period. The upkeep of the herd under this 
system does not give rise to many problems as practically all the 
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cows are home-bred. In fact, of a total of 715 cows, 98 per cent, 
were home-bred. Heifers are brought into the herd at two or 
three years to replace cows sold, or any that may have died. 
The herds are kept fairly constant as regards numbers. Occasion- 
ally the fari!ier will purchase a cow for milking purposes, either 
to “ help the dairy ” or to rear an extra calf. Since most of the 
cows are home-bred, and the average age of the herd is low, it 
is not surprising that depreciation due to loss should be com- 
paratively low. In fact, in this group, during the year un<ier 
consideration, only 18, or 2.5 per cent, of the total number of 
cows died. In value this represents £5 per herd or 6s. lid. per 
cow. 

In Table I the average value of cows in all herds is seen to 
bo £15 13s. 4d. ; and the variation as between highland and low- 
land is shown to be considerable and also betw^een large and 
small farms. 


Systems of Herd Manairement. 

The system of herd management of these 50 herds was 
found to be typical of the county as a whole. It is essentially an 
outdoor system. The winters, however, are rather long, and the 
majority of the cows are ‘ housed ’ at night during this season, 
the period indoors varying from four to seven months. Thus the 
average period for the lowland farms is about 5i months 
(beginning of December to mid-May), and on the higher farms it 
is 6| months (beginning of November to mid-May). There is a 
tendency with some of the lowland farmers to leave their cows 
on I all the winter. On the average the herds are fed indoors 
for about six months. Their winter rations, however, are not 
very costly. They are wintered * hard,’ being fed principally on 
oat-straw and poor hay. A little time before calving they are 
given a better hay ration and a few roots, if the latter are avail- 
able. The principal calving month is April, and nearly all the 
calves are born during the three months March to May. 

The summer management is simple. Where the calves run 
out with the cows, the latter get nothing but their pasture, and 
each cow rears one calf. They live cheaply, for they do not 
always get the best land and seldom any aftermath. With this 
system of management there is a low labour requirement. When 
the calves are suckled indoors, however, thia item of cost is 
somewhat higher, for the suckling must be supervised. When 
two calves are suckled on one cow, or hand-rearing is practised, 
special attention is needed if good results are to be obtained. 
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The time of weaning depends a good deal upon the systeni 
of rearing. When the calves are ‘ suckled-in ’ they are usually 
weaned at live to six. months old (as early as possible in most 
cases), so that a little milk may l^e obtained for the household 
during the autumn and winter months. The calves that run out 
w^ith the cows are not weaned until ‘ housing time,’ which is about 
mid-November on the average; thus they may be seven to eight 
months old at weaning time. 

Cost of Herd Maintenance. 

It has been indicated iii the above description that the aim 
of Ihe farmer is to rear his calves as cheaply as ])ossible. Con- 
sequently the system itdupte<l is one which keeps the herd main- 
tenance cost at a fairly low" ligure. The average cost per cow 
in herd on the fifty farms is £7 l‘Js. Od. per annum. This amount 
covers f)asturc, w"inter rations, labour, depreciation and bull 
service, as is shown in Table II. 

TABLE II. 

Cost of Herd Management. 
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The winter rations — hay, straw, roots and concentrates — 
account for 41 per cent, of the cost. Labour takes third place 
with this system of management, and accounts for but one-fifth 
of the total cost per cow. This is as would be expected, since, 
in practically every case, the farmers assert that the main idea 
influencing their system of management is that of rearing calves 
with little labour cost. This is the first item they study when 
contemplating any change of method. Depreciation is another 
very low item in the total cost. It was previously stated that 
the average age of the herds is low and that in most cases the 
cows are sold out when fairly young, when they are still at their 
best. Consequently there are few losses and little depreciation 
of the herd. 
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With this system the purchasing of feeding stuffs is reduced 
tu a minimum, and in consequence this item is relatively un- 
important. A little concentrates may be given to the milking 
cows, but for the remainder they are fed entirely on home-grown 
food. There is not much difference in the cost per cow on high- 
land and lowland farms ; but when the herds are studied accord- 
ing to size there is a substantial difference. Thus the cost per 
cow is 18s. higher on the farms below 150 acres than on those of 
150 acres and above. The smaller farms — and these are mainly 
family farms — use more labour and consequently have a higher 
labour cost per cow. 


TABLE ill. 

Colt of Herd Maintenance by Group Classification. 


Group. 

CoH per Coir. 



s. d. 

All farm.'?, under 1.30 Acres 


8 0 11 

All iarms over 150 Acres 


7 T 11 

All Highland Farms 


7 11 0 

All Lowland Farms 

.... 

7 12 i 

All Farms 

.... 
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Products of the Herd. 

Under dairy products is included milk and butter sold and 
consumed. Most farmers sell a proportion of the butter pro- 
duced, but only three farms sell milk. Practically all the whole- 
milk is for home consumption, and the total estimated value of 
this product (at Is. per gallon) is £377 5s. Od., or £7 11s. Od. 
per farm. There is relatively little consumption of whole-milk 
on these farms, except on those farms where there are large 
families. 

The total amount of butter sold and consumed during the 
year was 18,572 lb. or 271 lb. per farm. Four farms produced 
none, whilst production on the remainder ranged from 44 to 644 
lbs. The average price received for butter sold was Is. 2d. per 
lb. and the total value of butter produced was £791 12s. lid., or 
11.8 per cent, of the total dairy products. Most of the sale 
butter is marketed during the six months April to September; 
May and ’Tune being the principal months. On the whole very 
little butter is produced during the winter, and on many farms 
there is scarcely enough to supply the household. Since there is 
little levelling out of the calving period, it follows that the late 
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spring and early summer are the Hush periods of milk and butter. 
Dairy produce accounts for 17 per cent, of the total net output 
(dairy produce and calves sold and reared, less calves bought) of 
all the herds. The smaller farms pay more attention to this line 
of })roductioii as the following Table shows, hi this group, farms 
less than 150 acres produce twice as much dairy produce per cow 
as farms above 150 acres. The margin of difference is consider- 
ably less when the highland and lowland farms are compared, but 
here again the output is greater in the case of the former group. 

TABLE IV. 

Output of Dairy Produce by Value. 


loial Output oj 


a roup. 

! Dairy Produce. 


Per Cow. 

Highlaiul Farms 

D)\vland Farms 

1 s. d. 

615 6 3 

' 608 o 8 


X s. d. 

1 17 10 

1)1 2 

Farms less than 150 Acres 
Farms more than 150 Acres 

... i 536 17 3 

.... ! 686 12 8 


2 18 5 

1 6 B 

All Farms 

.... j 1,228 9 11 

* 

1 14 8 


Calf-rearing being the primary object of the store cattle 
enterprise in this district, it is natural that this business con- 
stitutes the greater proportion of the output of the herd, in fact, 
it accounts for 80 per cent, of the total net output. Calves born 
averaged 0.98 per cow in herd, or deducting the 22 that died, 
the average is 0.95. Thirty-three calves were sold and sixty 
bought. Thus the gross calf yield (calves reared and sold) per 
(iow by number is 1.04(. The average gross value of all calves 
sold and reared is £8 (5s. Od., so that the average gross value of 
calves per cow in herd is £8 6s. Od. x 1.04 £8 12s. 6d. In 
order to arrive at the total net calf figure, the sixty calves pur- 
chased must be deducted from the 748 calves sold and weaned. 
This leaves 688, or 0.9(5 fKir cow. The average net value of all 
calves sold and weaned was £8 18s. lOd., so that the average 
net value of calves ]^er cow is £8 18s. lOd. x 0.96- £8 6s. Id. 
The net calf output per cow in individual herds ranged from 
£4 11s. 5d. to £11 10s. (kl. In the latter case the herd had helped 
to rear ten calves, six of them having been purchased. 

There is no substantial difference in the result when the size 
of the herd is considered, as will be seen in Table V, but there is 
a slightly larger net output of calves per cow on the larger farms. 
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The highlaiiil and lowland classification , however, reveals a 
substantial difference, the net calf output per cow being 16s. 


TABLE V. 

Net Value of Calves per Cow. 


Group. 

.Vc/ Value of Calves 
per Cotr. 


X s. d. 

All Diglilaiid Pariiis 

7 17 3 

All Lowland Farms 

K 13 i 

Farms 150 Acres and less .... 

s 3 

Farms over 150 Acres 

H 7 4 

All f'arms 

S (» 1 


more on the lowland farms, the latter group consisting of the 
larger and better herds. 

The total net value of products per cow is arrived at by 
deducting the value of the calves purchased from the gross value 
of products per cow. 

£ . 1 . f\. 

Ch'oss \’aluo of Product per cow , , IP (> d 

T/Css calves purchased per cow .065 

Net value of product per cow ... .. .. i>10 0 i 


Dairy produce accounts for £1 14.s. 3d. of this amount, and 
calves (sold and weaned) £8 6s. Id., or 17.1 per cent, and 82.9 
])er cent, respectively. 


TABLE VI. 

Net Value of all Products per Cow. 


Group. 

\rl rahic of all prodvois 
p-er cow. 


£ s. d. 

All Highland Farms 

9 15 2 

All Lowland Farms 

10 1 6 

Farms 150 AcTes and less .... 

10 16 8 

Farms over 150 Acres 

9 H 0 

All Farms 

10 0 4 


The net value of all products per cow is higher on the low- 
land farms than on the highland farms. This is accounted for by 
a higher net calf output in the former group, since dairying is 
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somewhat more important on the highland farms. It is also 
interesting to note that whereas the net calf output per cow was 
higher on the larger farms by 4s. the total net output per 
cow is smaller by £1 3s. (ki. This again indicates the greater 
importance attached to dairying on the smaller farms. 

The results obtained by classifying the herds acacording to 
size are quite interesting. 


Size of Herd, 1 

\rf ralnc uj produrv 
fjcr CO tv. 


£ 8. d. 

y -9 (inrlusiv! ) 

i 1 hi) 

10—19 

9 11 8 

20 and over 

9 16 6 


The middle group have the least output per cow, whilst the 
smaller herds have a substantial margin over the larger herds, 
due to higher calf and dairy output. The larger herds produce 
better calves, which increase their net calf output figure, whilst 
the average sized herds are neither outstanding in dairy produce 
nor calf output. 


Balance or Surpluses. 

The surplus is arrived at by deducting the cost of herd main- 
tenance from the total net product. For these fifty herds, the 
average surplus per cow is £2 8s. 6d. Not all farms show a 
surplus as, on several farms, there is a negative balance, the 
highest of these being £2 4s. 6d. per cow in herd. A study of 
these seven farms reveals the nature of the loss, for it is significant 
that five of them have high costs due to losses of cows ; that is, 
depreciation considerably increased the expenses of the herd. 


TABLE VII. 

Co»t of Herd Maintenance, Net Value of Product, and “ Surplus/* 


Group, 

Co»t of 
Maintcnanrr 
per corr. 

Not Value 
of Produce 
per cow. 

Surplm 
per row. 

Hiprhlnnd Farms 

Lowland Farms 

£ s. d. 

7 11 0 

7 12 4 

£ s. d. 

9 1.5 2 

10 4 S 

£ s. d. 

2 4 2 

2 12 2 

Farms 150 Acres and less 

Farms above 150 Acres 

g 0 n 

7 7 11 

10 16 8 

1 9 14 0 

j 2 15 9 

I 2 6 1 

1 

All Farms 

7 11 10 

10 0 4 

2 8 6 
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The farms in the lowland group show a larger surplus than 
those of the highland group; the costs arc approximately the 
same, so that the difference is due to a higher output on the 
lawland farms, i.e., a higher calf output, as the output of dairy 
produce is somewhat higher on the highland farms. The surplus 
per cow is nearly 10s. higher on the farms below 150 acres than 
on the larger ones. Thus, although the cost of maintenance per 
cow is more on the smaller farms, yet this is more than balanced 
by a much higher net product per cow, which in a previous 
section was shown to be due to the greater importance of dairy 
products oil the smaller farms. 

Types of Cattle Sold. 

It remains to be seen what numbers and classes of cattle are 
finally sold from these farms. The foundation herds, it will be 
remembered, contain 715 cows. Allowing for all losses up to 
time of sale, the annual sales of all cattle amount to about 090 (or 
90 per cent, of the number in the foundation herd). The chief 
purchases are of calves for rearing, but some young calves are 
also sold. Allowing for net purchases, the final sales from the 
foundation herd represents in numbers about 94 per cent, of the 
foundation herds. But it must be borne in mind that the herds 
have to be maintained and that some young cows are drafted in 
for maintenance. 

At the present time there is a delinite movement towards 
the earlier selling of the store cattle. As a result, the two-and-a- 
half or three-year-old steer has been replaced by the yearling or 
two-year-old. The smaller farmers were the first to adopt the 
idea of producing a younger animal, mainly because they were 
not in a position to keep them longer. The larger farmers are 
making it their practice also. Consequently the latter aim at 
selling out their stores at one-and-a-half or two years, and the 
small farmer at apf)roximately one year. 

The fifty farms studied are fairly representative of the 
county. The group contains farms ranging from 40 to .500 acres 
and includes highland and lowland farms. An analysis of the 
cattle sales for one year (1930-81) reveals the nature of the 
disposal of the stock, as described above, and also the extent of 
the change over to earlier selling. The sales are classified into 
categories : Calves, yearlings, two-year-olds, fat-cattle and store 
cows. 

Calves . — Out of a total of 690 sales for this group, only 85, 
or 5 per cent., is represented by calves. Most of these sales 
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consist of calves sold with their dams, very few being disposed 
of separately (six only were sold for veal, and these averaged 
£6 15s. Od. apiece). The store calves averaged £4 14s. Od. each; 
this is a valuation figure since most of them were sold with their 
dams. In value the calves account for 1.5 per cent, of total 
cattle sales. 

Y earllngs,-- This class represents nearly 50 per cent, of the 
total sales by number and a little over 40 per cent, of the total 
receipts. About half were spring sold, and the remainder in the 
late summer and autumn. As the following table shows, there 
is a substantial difference in the prices received between these 
two periods. 



Yearlings represent 60 per cent, of the total sales by numbers 
on the highest farms and 86 per cent, on the lowland farms, and 
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the average value per head is much higher on the lowland thaj) 
on the highland farms. This is because the majority of the low- 
land farmers sell their yearlings in the autumn, while the smaller 
hill-side farmers endeavour to get them out in the spring. 

T7VO Year Olds, — Heifers account for most of the two year 
old stores in this district, although a few steers are kept till the 
second spring. By number two year olds constitute 15.5 per 
cent, of total sales, 88 per cent, of which come from farms above 



150 acres in size. By value they account for 28 per cent, and 12 
per cent, of cattle on highland and lowland farms respectively, 
and they average £2 per head more in the latter than in the 
former group. 
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Fat Cattle . — This group consists mainly of cows and two 
year old cattle. Very little feeding is done on the highland 
farms ; occasionally they winter fatten a few cows. Several of 
the lowland farmers of this district do some feeding — mainly 
summer feeding. Two large farms, however, account for nearly 
one-half of the total fat cattle receipts of this group. These two 
farms go in mainly for summer fattening and sell out two-and-a- 
half year old animals in the late summer or autumn. 

Cows . — There were 78 sales of cows, approximately 50 per 
cent, of these being sold with their calves. The remainder were 
disposed of as ‘ barreners.’ The highland farms account for the 
majority of this class of sales, for most of the lowland farmers 
feed their cows. There is no definite selling period for cows, sales 
taking place any time at the convenience of the farmer. The 
practice, however, as regards cows sold with their calves is to 
sell as soon after calving as possible. 

Conclusion. 

The analysis of the data colleeted from the fifty farms, 
where calf-rearing is practised, suggests that the farmers’ main 
object is to keep costs down to a minimum. Consequently the 
output y)er cow is low. Very little attention is paid to dairying, 
and in most cases the farmers are satisfied with a calf output 
which represents approximately one calf per cow. 

By what methods improvements in the system could be 
achieved, under present dav conditions, it is difficult to say. It 
is significant, however, that some of the farmers are dissatisfied 
with the present system of management. They are seeking for 
modifications whereby output may be increased, and greater use 
made of the available land and labour. The out-door system of 
calf-rearing may have its advantages, but undoubtedly it is waste- 
ful. Even at the present time the easy-going method is giving 
way to more complicated but more productive systems. A 
number of these have been described with a view to illustrating 
the kind of changes taking place. 

Some of the more severe obstacles to progress in this direction 
have also been mentioned, such as the difficulty of purchasing 
good calves, and consequently the tendency to buy inferior 
animals which may develop into poor specimens of stores. Again 
there is a considerable amount of risk involved in rearing these 
bought-in calves. The risks attached to the indoor as contrasted 
with the outdoor system of rearing are also important limitations 
to any change. 
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There have been rapid changes towards the earlier selling 
of the stores and most probably further changes will take place in 
this direction, with the result that the whole system of store cattle 
rearing in the county will be considerably modified in the near 
future. 

LAND IMPROVEMENT AS AN 
INVESTMENT. 

By Stanley M. Bligh, 

Cilmery Park, Biiiltli Wells. 

Tn 1988 I got some results of the work done in 1981 which 
seemed to me instructive. The first was an analysis of the best 
of the fields junkered ” in 1981, made by Mr. William Davies. 
This showed that by the combined use of 6 cwt. North African 
phosphates, 1 cwt. mixed cleanings consisting largely of wild 
white clover, and a good rub with poles bound with iron wire 
from old ships, a sward which started as (and remsfins on 
untreated sward) Nardus and Molinia 54 per cent., fog and bent 
21 per cent., crested dogstail and white clover nil, could be 
changed into a sward containing 

Nardus and Molinia ... S per rent. 

Fop and bent (mainly fop) S8 prr rent. 

Crested dopstail .... .. . 21 per rent. 

White clover .... .... .... .. per rent. 

The particular field on which this analysis was made is let 

with other fields of a much better quality, so no economic data 

from letting value can be derived from it. 

There were, however, two lots Just across the road of which 
no analysis was made, but which were obviously not quite as 
good as the field analysed. These fields even in these times of 
low prices averaged a letting value per acre for land tractored, 
phosphated and sown with cleanings of I9s. per acre. In each 
there was some woodland which is deemed to have no grazing 
value, though it has some value as shelter for stock. 

Assuming that the original letting value of the treated land 
was, before treatment, 5s., we get 14s. an acre gross increase. 
This has to be divided between the cost of after treatment, to 
keep up the letting value, and writing off the expenses of the 
original treatment, which cost 58 per acre. These lots were 
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11 and ]4i acres of treated land, or 25 { acres in all. Cutting 
bracken and other rubbish is a necessary yearly charge against 
the gross increase of 14s. In this case about one-third or say 
8 acres would be bracken infested. To cut that twice would mean 
say 7s. an acre, a total cost of 56s. Averaged over the whole 
25j acres this would be 2s. 3d. an acre. The parts not bracken 
infested need gutter cutting and gutter clearing, which brings 
the total clearage cost to an average of 3s. an acre. 

Taking this 8s. from the original gross increase of 14s., there 
remains 11s. Out of this something has to be set aside to replace 
the North African phosphates. This may perhaps be fairly esti- 
mated at 8s. an acre. Deducting this other Ss. there remains 
8s. to write down the original outlay of GOs. This means that in 
7 1 years from 1931 the treatment costs will be written off. The 
owner would then get a gross 19s., less original rent, 5s., and a 
treatment charge, which would then be lower owing to the 
bracken being killed out, say in all 5s. an acre, that would be 
9s. an acre. 

Approximately then, the land improver puts down 1*8 an 
acre, waits 71 years to get it back, and then has 9s. a year for 
an indefinite number of years. For those who can afford to wait 
7j years the investment does not seem a bad one. It is com- 
parable in some ways to Savings Certificates. If you capitalise 
the 9s. a year at five years purchase, when the 7i years run out 
you get 45s. on an outlay of GOs. 

But a great deal has to be paid in taxation, from which 
Savings Certificates are free. The risk is, of course, greater, 
being divided between the risk of a failure of take ” and the 
risk that prices of stock will keep low, and consequently the price 
of improved land will drop. 

In 1988 I did in all some ten acres of this class of land in 
fourteen different lots averaging less than an acre each, the idea 
l>eing to test as many kinds of land as possible. T used an Aitken- 
head harrow instead of wire-bound poles in all cases but two. 
Owing to the dry summer the results look quite unpromising, 
but against that those done in 1981 looked unpromising in 
October, 1981, and improved afterwards. 

In 1988 I did some other work, which has stood up to the 
dry summer and seems quite promising. 

There were three lots, one 2\ acres, one acres and one 
8} acres, each more than a mile from the others. 

They were all ploughed and sown with heavy sowings of 
clover cleanings. Bach was part of a larger area and each was 
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grazed whenever stock happened to be turned on this larger area. 
Each had 6 cwt. North African phosphates to the acre. I esti- 
mate the letting value of the land before anything was done as 
15s. an acre in each case. 

The 2] acre lot had 52 lb. of threepenny cleanings (per lb.) 
to the acre costing 13s. and no other seed. This lot was put to a 
pretty severe test, for not only were my own sheep turned on it 
in rotation, but the field was grazed for two nights in September 
by several hundred tacked hill sheep. Ponies went on it from 
time to time. There are bare patches to the extent of perhaps 
15 per cent. On this lot fog has come in from buried seeds to a 
greater extent than I should have wished. There is enough to 
give a good deal of winter keep. It is easily worth 80s. an acre 
now and probably 40s. T have had an estimate of 60s. from an 
experienced person. The only after care costs in this case will be 
cutting thistles and replacing phosphates. 

The acre lot had the same amount, 52 lb. of 3d. cleanings. 
These were estimated by Mr, Saunders as equivalent to 7l lb. 
of average wild white clover seed as sold by reputable firms. The 
field grew an immense crop of thistles, which were twic^ mown. 
These thistles undoubtedly protected the seedlings from unduly 
hard grazing. There is more bare ground, say 30 per cent, in 
this lot, but practically no Yorkshire fog infestation, as the field 
is drier than the 2] acre lot. 

The letting value at present is rather under the 2} acre lot 
as there is less winter keep, but there is a prospect of a much 
higher leguminous percentage in a couple of years from now. The 
after care required is a lot of work at thistles and replacing 
phosphates. 

The 3^ acre lot had 32 lb. of 3d. cleanings, 14 lb. of perennial 
rye-grass left over from 1982, and 8 lb. of rape per acre. Thistles 
were very abundant. The rape had to be grazed early, as it was 
overshadowing the clover and rye-grass. The latter were weak 
owing to drought. The rape sprouted after the grazing, and later 
in the season gave quite a bite. The thistles were mown twice. 
This lot is much drier than either of the others, and is really as 
dry ” as anv field in the district. 

T should judge the bare ground as about 20 per cent., but 
the clover is spreading rapidly. There is no fog infestation. The 
after care will be thistle cutting and replacing phosphates. The 
letting value would be about the same as the 2j acre lot. During 
this summer this 8j acre lot gave much less grazing, apart from 
the rape, than either of the others. Indeed, owing to the dryness 
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of the field, there was nothing there to graze until rain came in 
October. After that the clovers and grasses made a good growth. 

The objects I had in mind in laying down these three lots 
were : — 

(1) To see how far land of different types could be laid down 
to grass without fencing off and whilst allowing the normal head 
of stock to graze to the usual extent on the paddocks in which 
the ploughed areas were situated. 

(2) To see whether clover stood up to the grazing animal 
better than the grasses. 

(8) To see whether the equivalent of 7i lb. of wild white 
clover gave a high leguminous ]>ercentage in the sward. 

The answer to question (1) is, so far as these three lots are 
concerned, very distinctly in the affirmative. T have not had them 
analysed, but thev are anyhow good swards for letting. When 
sheep were turned into the paddocks of which they were part, 
they crowded on to them in preference to the unploughed residue. 
T have never tried any of them with cattle, and up to now T have 
never grazed them closely with ponies. On No. (1) at any rate 
both cattle and ponies will be turned very soon, as the Yorkshire 
fog is getting too thick in many places. 

I did not get a gocxl answer to the second question, because 
on the lot of 8| acres on which perennial rve-grass was sown the 
thistles were so thick as practically to make a protective cover- 
ing for the grasses which was proof against the grazing animals. 

T cannot expect an answer to the third question until the 
swards arc analysed in the summer of 1085. 

T should estimate the financial returns as about the same as 
in the case of the land done in 1081. If this is right it would be 
equivalent to a sort of special Savings Certificate, under which, 
for every £100 invested one got one^s flOO back without interest 
in annual payments of about £18 in 7i years, and then got 
another £100 back bv annual payments of about £18 in another 
7J years. It is, of course, a long range investment, but it might 
suit a certain class of investor. 

The advantages which may be claimed for this system of 
ploughing up small areas which are part of larger areas grazed 
as separate units are as follows : — 

(1) As the worst patches are selected for ploughing, and as 
after ploughing these are grazed more intensively, there is a 
tendency to more equal grazing over the whole paddock, and 
there arc fewer neglected and unpalatable areas. 

(2) If this policy were pursued year after year there would 

T 
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always be in each paddock an area predominantly leguminous to 
which animals could go when needing a ration with a higher 
calcium content than that obtainable from ordinary old sward. 

(3) The formation of mat on pastures can be studied and 
probably can be coped with. I have been greatly surprised at 
the quickness of mat formation. To test this I use an ordinary 
‘‘ bulb planter,” which picks up a bit of sod two inches in 
diameter and three inches deep. On a bit of sod picked up in 
this way the thickness of the mat which has formed can be 
measured with a fair degree of accuracy. 

The area of 2^ acres above mentioned was ploughed in the 
first months of 1938 and sown in the spring of 1983. It had some 
unpalatable patches which were hardly grazed at all. This was 
probably due to a wet subsoil, for the patches were to some extent 
rush infested. By October, 1938, mat formation was easily 
observable on these patches. Fog had grown thickly and had 
begun to decay at the base of the stems, giving from one-eighth 
to a quarter of an inch of brown semi-decayed matter. This 
entirely prevents the growth of clover and prevents any sunlight 
reaching the earth. 

It remains to be seen whether any modification of the 
Schneider Kleeberg treatment with a mixture of lime, charcoal, 
salt and earth will render these patches palatable. 

I am inclined to believe that they will have to be pared with 
some implement and resown with clover seeds. They are quite 
small. 

(4) Large “ lands ” or enclosed areas joining the hill could 
by this method he gradually improved, as the occupiers were 
able to spare labour and teams for the work. 

(5) The U.S. A. farming policy of throwing forty million acres 
out of arable cultivation is probably the precursor of a similar 
policy in parts of the British Empire. When arable cultivation 
ceases on considerable areas, it is important that those areas 
should not become derelict and scrub infested, but that they 
should be kept in a fertile condition for future use without depress- 
ing agricultural markets bv turning out more products than can 
be sold. The discoverv of the technique for inoculating the land 
with nodule bacteria will enable wild white clover to be grown 
successfullv almost everywhere. White clover is suitable for 
turning out relatively small quantities of high quality products. 

If arable areas can be made to grow predominantly white 
clover swards without the expenses of enclosure, this may help 
to solve one part of the world agricultural problem. 



SEED YIELDS OF PEDIGREE AND 
COMMER( TAL GRASS STRAINS. 


By Gwilym Evans, B.Sc., 

Welih Plant Breeding Station, Aberystwytli. 


An impression prevails that leaiiness in grass strains has a 
negative correlation with seminal reproduction, and yet this 
idea is supported by very little published data, that is, data from 
ad hoc experiments conducted over a number of years to ascertain 
the relative yields of seeds from stemmy and leafy types within a 
species. 

The experiment discussed in this paper was laid down on a 
modest scale in order to obtain some measure of comparison with 
regard to seed yields between grass strains bred at the Welsh 
Plant Breeding Station and commercial strains. 

Scheme of the experiment. 

Eight pedigree strains were studied ; two strains of perennial 
rye-grass, two of Italian rye-grass, and one each of cocksfoot, 
timothy, meadow fescue and red fescue. The corresponding 
commercial strain of each species was used as standard. 

It must be mentioned that although the pedigree strains 
used in this experiment are definitely superior to commercial 
strains, they were in the early stages of breeding, and some of 
them will be replaced at the marketing stage by more highly 
bred strains incorporating a greater complement of desirable 
qualities. 

The land available for the experiment was of only moderate 
fertility, and the area utilized for the rye-grasses was slightly 
better than that on which the other species were grown. A root 
crop was grown on each area in the preceding year. Triplicate 
plots of each strain were laid down and each plot covered an area 
of 1/ tooth acre net. The rates of seeding, and the scheme of 
manuring, are shown in Table I. 

The seeds were sown on the flat in drills two feet apart 
without a cover crop. This is the standard method adopted at 
the Station for multiplying stock seed of pedigree strains. The 
seed rates given in Table I were adjusted so that the same number 
of viable seeds would be sown for each strain within a species. 
These seedings are quite ample for average conditions, and allow 
a margin to meet conditions of weather which may be unfavour- 
able for esti^blisbment. 

181 
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Mustard seed at the rate of half-a>pound i)er acre was mixed 
with each type of seed, to produce indicator plants which mark 
out the drills for cleaning operations in the initial stage of growth. 


TABLE 1. 

Showins: (a) rates of seeding, and (b) quantities of the fertiliser 

applied. 


j 

Sppciea. 

1 

1 

Rate of 
seeding 
{Ih. per 
acre). 

.Wro-c/io/k (civt. per acre). 

WSl 

19SS 

19SS 

Perennial rye-gra»8 

S 


8 


Italian rv(‘ grass 

7 

— 

8 


Cocksfoot .... 1 

5 

4 

8 

4 

Timothy .... | 

4 

— 

3 

i 

Meadow fescue 

6 

1 

1 

! 2 

Red fescue 

S 

! 

1 

2 


The fertilizers were applied in each year during the first 
week of April, after roto-tiller cultivations. When nitrogen was 
applied, half of each plot was left unmanured, so that the 
influence of this element on the seed yields of different strains 
could be studied. A buffer row separated the two halves of each 
plot treated differentially. 

A basic dressing of 5 cwt. per acre of basic slag and 5 ewt. 
of kainit was applied to all the plots in the spring before the 
third seed crops were harvested. 

Results. 

(fi) Seed Yields. 

Two seed crops only were taken from the rye-grasses, and 
three successive crops (1981-88) from stands of the other species. 

The average yields of seed for each year, the relative total 
yields, the relative weights of individual seeds calculated on the 
basis of the average weights of 1,000 seeds and average harvest- 
ing dates are shown in Table II. 

In considering the yields of the first harvest year, as shown 
in Table IT, it will be seen that the average weights of seeds 
from the pedigree strains are only significantly lower than those 
of commercial strains in the pasture type of rye-grass, the hay 
type of cocksfoot, and the pasture type of meadow fescue. 

The weight of seed from the first harvest of commercial 
timothy is not included in the table on account of the excessive 
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shedding which occurred before harvesting. It is, however, 
questionable whether the yield, even if harvested at the optimum 
date, exceeded that of the pedigree timothy, firstly, on account 
of the very heavy infection of rust which of necessity must have 
reduced the seed yield, and secondly, in view of the fact that 
the pedigree strain produced 21 per cent, more fertile tillers. 
The pedigree timothy was practically free from rust throughout 
the experiment. 

In 1982 significant reductions in seed yields occur in the rye- 
grasses, meadow fescues and pedigree red fescue, and definite 
increases in yields of timothy and cocksfoot seed in comparison 
with 1981 figures. One interesting feature of the rye-grass yields 
for the second harvest year is that the Italian rye-grass strains 
have maintained the weight of seed relative to the first harvest 
weights much better than the perennial rye-grass strains. The 
weaker straw of perennial rye-grass, as compared with Italian, 
and the relatively heavy rainfall of July, 1982, during the period 
of seed development, have undoubtedly influenced this result. 
It would not be out of place to mention further in this connec- 
tion that a pure stand of pedigree Italian rye-grass covering one 
acre broadcast under oats at White Hopton, Montgomery, in 
1981 produced an excellent crop of seed in 1982, and again in 
1988 gave a crop of seed amounting to 70 per cent, of the first 
harvest crop, with the help of farmyard manure. 

Reverting to Table II, it will be noticed that the pedigree 
strains compare very favourably in second harvest year yields 
with commercial strains, if the fescues be excepted. 

By the third harvest year the bred strains of cocksfoot and 
timothy have outyielded the commercial strains very appreciably 
on the manured plots. Commercial timothy has by the third 
year been killed almost right out by rust. The seed yield of 
I)edigree cocksfoot on the nitrogen plots increases from the first 
to the third harvest year, but timothy seed falls off in the third 
year. This reduction in timothy seed was influenced to a great 
extent by the prolonged drought of 1988, for timothy, maturing 
appreciably later than the other species, was subjected to a long 
period of dry weather. 

By the third harvest year the yields of the fescues have 
fallen exceedingly low, and are quite uneconomic as seed crops. 
They would, however, very probably maintain their yields better 
on soils of higher fertility, meadow fescue in particular. 
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(6) Aggregate Yields. 

The aggregate total yields of each strain for the years in 
which crops were harvested for seed are given in Table II as 
figures relative to the yields of commercial strains at 100. Five 
of the eight pedigree strains, with the help of nitrogen, yielded 
crops of seed as good as or better than those given by commercial 
strains similarly manured. The strain least productive of seed 
in relation to the commercial strain is the pasture rye-grass. It 
yields about two-thirds of the yield derived from its commercial 
counterpart, and that would seem at first sight to be a serious 
disability for a type of rye-grass which is likely to rank as one 
of the most valuable for British agriculture. When, however, it 
is considered that ordinary rye-grass seed commands a lower 
|)rice than the seed of most grass species, the increase in the price 
]^er acre need not be very great with a seeding of a pasture rye- 
grass. Furthermore, the seed grower would have an altogether 
better jiasture after the first crop of seed than that obtained after 
takijig a seed crop from ordinary rye-grass. An indication of 
this will be given later in this paper. 

The bred strains of meadow fescue and red fescue stand better 
in relation to the commercial strains than the pasture rye-grass 
in respect of seed yields, and the difference between the yield of 
the two strains of red fescue for the first two years is not very 
considerable. 

(c) Size of Seed. 

The relativ e sizes of t he seeds within a s]>ecies calculated from 
the average weight per thousand seed are given in Table IT. It 
will be observed that the bred strains of pasture rye-grass, 
cocksfoot, timothy and meadow fescue have relatively smaller 
seeds than the commercial strains. Pedigree strains of red fescue, 
Italian rye-grass and the hay type of perennial rye-grass compare 
favourably in seed size with ordinary types. 

(d) Dates of Harvesting. 

The dates of harvesting relating to the various strains have 
been averaged for 19*31 and 1932 seasons, and are shown in 

Table II. 

All the strains of Italian rye-grass are intermediate between 
the hay types of perennial rye-grass and the pasture type of 
perennial rye-grass in their dates for harvesting. There is only 
about a week^s difference between the Italian strains and the 
pasture rye-grass, and this means that a greater risk from cross 
pollination is involved when these are grown for seed near each 
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other than when the hay types and pasture types of rye-grass 
are grown at a similar distance from each other. 

Of the bred strains, that of red fescue is the only one which 
matures earlier than its commercial counterpart. The com- 
mercial cocksfoot, timothy and meadow fescue ripen their seeds 
from seven to eleven days earlier than the bred strains. 

When grass seeds are grown on a farm scale, the harvesting 
dates indicate that the harvests in average years require atten- 
tion very conveniently between the hay and the corn crops.' 

(c) The Effect of Nitrogen. 

Reference to Table II again will show that nitrogen has been 
the means of increasing the seed yields of the first four species. 
Its effect on cocksfoot appears most marked in the third harvest 
year, and least marked in the first harvest year. The summer of 
1931 was relatively wet, and the 4 cwt. per acre applied in 
the spring for the first harvest year of cocksfoot was 
undoubtedly too heavy to exert the maximum effect. The 
evidence suggests that nitrogen produces a greater positive effect 
on the seed production of some species, such as cocksfoot and 
timothy, when the rainfall is relatively low, and the increment 
becomes relatively greater from the first to the third harvest. 

One cwt. per acre of nitro-chalk applied in the spring to the 
second crop of seed of meadow fescue causes a distinct increase 
in seed yield, but insignificant increases occur when 2 cwt. are 
applied for the third crops. Evans and Calder (1) found that 
2 cwt. of nitro-chalk applied to the first seed crop of meadow' 
fescue grown on fertile land decreased the seed yield. Meadow 
fescue requires fertile land in a region of comparativly low rain- 
fall in order to produce maximum crops of seed from a stand 
over a number of harvest years. When the soil is rich and the 
district subject to heavy precipitation severe lodging may occur 
with the liberal application of nitrogen, and poor yields are 
associated with lodging. 

Red fescue can do with even lighter applications of nitrogen 
for seed production than meadow fescue; only occasionally are 
the yields increased by nitrogen, and then by quite small 
amounts. More often nitrogen in the form of nitro-chalk inhibits 
the production of seed in this species very considerably. The 
reaction of red fescue to nitrogen in this experiment confirms 
the findings of Evans and Calder (1) and of Nilsson-Leissner (2). 
Chmelaf and MikolaSek (8) found that liquid farmyard 
manure applied in the autumn reduced the number of fertile 
tillers in red fescue, but the increase in seed yield varied from 
18 to 138 per cent. 
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The percentage increase or decrease due to nitrogen shown 
in Table III has been calculated from average figures for all plots 
of each strain, and for all the crops, with or without the fertilizer. 

Eight quadrats, each l i feet long, were taken from each plot 
in order (i) to measure the effect of nitrogen on tiller counts, 
and (ii) to make a comparison between pedigree and commercial 
strains in relation to tiller counts. The numbers of fertile and 
barren tillers relative to commercial strains are shown in 
Table III. 

The percentage increases of seed yields for all the strains 
included in Table III are encouraging to the seed grower. The 
increases in the pasture type of pedigree rye-grass and pedigree 
cocksfoot are outstanding, and are significantly greater than 
in the other strains of the same species. In a previous 
experiment (1) a first crop of this pasture rye-grass produced 
48 per cent, more yield of seed with the assistance of 3 cwt. of 
nitro-chalk, but in that instance there was a tendency for the 
nitrogen plots to lodge. Nitrogen in the same year (1980) caused 
100 per cent increase in the yield of seed from a pasture hay 
type of pedigree cocksfoot. 

There seems to be a tendency for nitrogen to increase the 
average size of seed, although there does not appar to be a 
close relationship between the increase in the size of seed and the 
increase in yield. The size of seed in pedigree cocksfoot is con- 
nected with a large increase in total yield, but although the yield 
of pasture rye-grass is increased by half, the average size of the 
seeds remains about the same. In this latter case the explanation 
is that numerous late heads are produced and their seeds tend 
to reduce the average weight per 1,000 seeds. 

The viability of the seed is not influenced significantly by 
the fertilizer. 

Some important points emerge from a consideration of the 
tiller counts. Firstly, there appears to be a correlation between 
the number of fertile tillers and yield of seed. Secondly, nitrogen 
has increased the barren tillers very considerably in all the strains 
except the pasture perennial rye-grass and the two strains of 
timothy, and these latter are of special interest in relation to seed 
production. In the pasture rye-grass nitrogen has stimulated 
the production of 5 per cent, more barren tillers, which is 
negligible compared with the 83 per cent, increase of fertile 
tillers. The implication here is that nitrogen has been efficacious 
in converting barren tillers into fertile ones. 

The successful use of nitrogen is illustrated in an even more 
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striking manner by the figures for timothy, in both strains of 
which nitrogen has actually decreased the number of barren 
tillers. The aim of the seed producer then should be to apply 
appropriate quantities of nitrogen at the proper time, so as to 
convert as many barren tillers as possible, especially in leafy 
types of grasses, into fertile tillers. It is quite extraordinary to 
find that nitrogen hastens the flowering and maturity of timothy 
strains. The same phenomenon with regard to wheat has been 
reported by Stafford, et al. (4). 

The analyses of tiller counts in Table III show that in the 
second harvest year of the rye-grass strains, and in the last two 
liarvest years of the other two species, the numbers of fertile 
tillers with the assistance of nitrogen are higher even in the bred 
strains than in the commercial strains. 

All the bred strains excel in leafiness as measured by the 
number of barren tillers, and the overwhelming superiority of the 
jjasturc rye-grass over the commercial strain is proof of its per- 
sistency even after taking a seed crop in the first year. 

Table IV shows the analyses for the two fescue species, on 
similar lines to those for the other species in Table III. 

TABLE IV. 

Showing (a) percentage increase or decrease on the nitrogen plots as 
compared with controls; (b) relative numbers of tillers with commercial 

strains at 100. 
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The average increase in seed yield shown in Table IV for the 
meadow fescue strains is relatively high for this species, and the 
magnitude of the increase is largely due to the effect of nitrogen 
in the second harvest year, when only 1 cwt. per acre of nitro- 
chalk was applied. The response of the pedigree strain both in 
regaid to yield and tiller numbers is greater in the pedigree than 
in the commercial strain. 
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Both strains of red fescue react unfaA ourably to nitrogen in 
seed yield and in fertile tillers. It should be made clear here 
that nitrogen has proved of doubtful value for stimulating 
seminal reproduction in fescue species when applied in amounts 
of 2 cwt. per acre of nitro-chalk in the spring, but there remains 
the possibility that autumn applications, under an appropriate 
system of management, may give more positive results. 

The percentage differences that occur through the use of 
nitrogen, with regard to weight per 1,000 seeds and germination, 
do not apjiear to be significant in fescue strains. 

Commercial strains of the two fescue s}>ccies arc more pro- 
lific in fertile tiller production than the bred strains, and, con- 
versely, the bred strains develop barren tillers more abundantly, 
especially when the crops are fertilized with nitrogen. 

(/) Winter-greenness and earliness. 

Observations of the plots made from autumn to spring 
established the fact that all the bred strains were definitely more 
winter-green than the commercial tyjies. 

The only commercial strains which appeared to begin spring 
growth earlier than pedigree strains of the same spebics were 
those of cocksfoot and meadow fescue. Pasture rye-grass was 
certainly later than the commercial type, but the latter showed 
no obvious advantage in this respect over the hay type of pedi- 
gree rye-grass. 

The plots of j)edigree timothy were outstanding in greenness 
during March and April, and began growth at least two weeks 
before ordinary timothy. This is a noteworthy characteristic in 
view of the fact that the crop is on the average eleven days later 
in ripening its seed than the commercial type. The aftermath 
was distinctly superior to that usually associated with timothy, 
A grass strain which provides a better distribution of “ keep ’’ 
over the growing period, together with a greater capacity for 
winter-greenness than types sown ordinarily at the present time, 
is one that should be welcomed by the stock farmer. 


Conclusions. 

The following conclusions are based on the results obtained 
from studies made on seed crops of pedigree grass strains in com- 
parison with commercial strains. The data cover two harvest 
years for perennial and Italian rye-grasses, gnd three harvest 
years for cocksfoot, timothy, meadow fescue and red fescue. 

(1) It is possible to breed strains of grasses superior to the 
ordinary strains in leaf production and still able to produce in 
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the course of two or more harvest years an aggregate yield of 
seed as large as or even larger than that of the commercial types. 

(2) Strains of superlative ieafiness, suited for pasture condi- 
tions, may yield at least two-thirds as much seed as ordinary 
strains, and the price of such seed need not be greatly in excess 
of that of the ordinary sorts. 

(8) Commercial strains tend to produce heavier yields of 
seed than the bred strains in the first harvest year, while the 
latter show to better advantage in the second and third harvest 
years. The seed yields of the bred fescue strains fall away more 
rapidly than those of the commercial strains. 

(4) The hay types of pedigree perennial and Italian rye- 
grasses mature as early as the standard strains, and y)edigree red 
fescue is even earlier than the standard strain. There is evidence 
that the pasture rye-grass and the pedigree strains of cocksfoot, 
timothy and meadow fescue are definitely later in ri])ening than 
the commercial types. 

(5) Applications of nitrogen in the spring increase the yield 
of seed significantly in all the strains of perennial rye-grass, 
Italian rye-grass, cocksfoot and timothy. The effect of nitrogen 
is intensified in a dry year, and in crops subsequent to the first 
harvest. 

(6) Nitrogen applied in the spring has very limited applica- 
tion for increasing the seed yields of meadow fescue and of red 
fescue. 

(7) The size of seed is correlated with yield of seed in the 
strain of pedigree cocksfoot. Leafy strains within a species may 
have as large seeds as the more stemmy strains, but extreme 
leafiness is correlated with smaller seeds. 

(8) Nitro-chalk increases the production of fertile tillers, 
except in commercial meadow fescue and the two red fescue 
strains. 

(9) The increase in number of barren tillers is found to be 
considerable with nitrogen manuring, except in pasture rye-grass 
and timothy strains where the fertilizer seems to have been 
efficacious in converting a larger number of barren tillers into 
seed producing tillers. 

(10) Except in the fescues, the fertile tillers are not less 
abundant in the leafy strains than in the commercial strains after 
the first seed crop. 

(11) The superior leafiness of the bred strains is indicated 
by the relatively greater number of barren tillers, 
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(12) Pedigree strains are more winter-green than commercial 
strains, and while in some species the latter are earlier in spring 
growth, in others the bred strains are definitely earlier. 
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THE MANAGEMENT AND MANT RING OF 


PASTT^RE PLANTS TN RET.ATTON TO SOTT. 
ESTARLTSHMENT AND PRODrCTTAHTY. 

By William Davies, M.Sc.. 


Welsh Plant Breeding Station, Aberystwyth. 


The sowing of grass and clover seeds must always remain an 
integral part of grassland farming, both in connection with 
temporary leys and so-calle<l yiermanent pastures which require 
periodical renovation in order to be maintained at a high standard 
of botanical composition. Studies connected with the manage- 
ment of stock on newly sown pastures are of particular interest, 
therefore, in relation to methods of establishment of long leys and 
[lermanent grass. 

The Station has now accumulated a considerable body of 
evidence having a bearing upon soil establishment in herbage 
plants. The garden trials, together with the earlier experiments 
under field conditions, have already been reported upon (1), (2), 
(4), (5). It has been shown that the number of established plants 
which may be expected from the sowing of one hundred viable 
seeds varies widely in different species, and also in different 
strains within each species. More recently, work of a related 
character has been reported from America (8) apd this points to 
the same general conclusion. 

Under field conditions the figure for percentage establish- 
ment hears a fairly constant relationship to the size of seed as 



Manage'inent and Manuring of Pasture Plants. 143 

determined by the grain weight.^ The factors governing this 
relationship are still somewhat obscure, but seem to be connected 
with the size of endosperm. Depth of sowing has probably a con- 
siderable bearing in this connection. In normal farm practice, 
or under conditions designed to simulate this, harrows are used 
for covering the seeds. It would be extremely difficult in practice 
to cover these to an exactly uniform depth ; it is probable there- 
fore that, while some seeds become buried too deeply, others will 
be left on the surface. Seeds with large endosperm from which 
the seedlings can draw their nourishment will usually have a 
better chance of producing fully established plants than those with 
small endosperm. Seeds buried deeper than their optimum 
depth will use up an excessive proportion of food reserves to push 
the plumule to the soil surface, while seeds germinating on the 
surface will be largely under the influence of current weather con- 
ditions, which may be favourable or inclement. Not only this, 
but seeds lying on the surface will naturally be more easily 
accessible to the ravages of birds and field vermin. 

The ability to become established rapidly is a desirable 
attribute in pasture plants. Their reactions to different methods 
of grazing and to changes in the environment, including changes 
in standards of soil fertility, form a subject of engrossing practical 
interest. 


The Experiment (E. 155, Gorse Field). 

The sowing was made on April 4th, 1933. The experimental 
block had been bare fallow^ed in 1982 following after a crop of 
oats in 1981. The present trial was designed to test the influence 
of management and manuring upon the soil establishment and 
the productivity of seeds mixtures. The present paper deals 
with observations made in the seeding year (1933) upon two seeds 
mixtures representing (A) pedigree and indigenous strains, and 
(B) their ordinary commercial counterparts. Details concerning 
these mixtures are given in Table I, which shows also the grain 
weight and the average number of laboratory viable seeds sown 
per square yard. The average figure for percentage establish- 
ment based on evidence collected from this experiment is added. 

In Figure 1 (facing page 160) a general view of a portion of 
the experimental block is shown. 

The layout of the plots was based on the Latin Square 
method. The seeds mixtures A and B were sown on two adjoin- 
ing half acre blocks and a 5 x 5 Latin Square was superimposed 

J The average weight per 1,000 seeds is recorded as the grain weight, 
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upon each. This j^rovided 25 x 1 /50th acre plots in five traverses 
of five, within each Latin Square, and allowed for five different 
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treatments, each with five replications giving in all ten replicates 
of any particular treatment, Six of such replicates were grazed 
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on about a monthly basis, while the residual four replicates (two 
in each Latin Square) were grazed on a shorter rotation of 
10-14 day intervals. The grazing was planned to be an elastic 
time schedule, so that the exigencies of growth in relation to 
weather and other conditions could at any time be taken into con- 
sideration. For example, because of the prolonged dry weather 
in 1988, the monthly grazed sections were in fact not stocked 
at all between the last week of August and the third week in 
October — a period of eight weeks. 

All the grazing was by the Station flock of Kerry Hill ewes 
with their lambs. The procedure adopted was to fence each plot 
of 1 / 5()th acre and at each grazing period to turn (usually) 
twelve sheep into each fold for a sufficient number of hours to 
graze it off cleanly. If the herbage became ‘‘ staled ” on any 
particular plot the sheep were moved on to the next one and were 
returned again in rotation until each set of j)lots had been evenly 
and closely grazed. Five sub-flocks each of twelve sheep were 
utilised for grazing. Careful records were kept of the time spent 
by the sheep on any given plot. A complete record was also kept 
of the number and class of sheep concerned, the whole being 
reduced to a common denominator on the basis of ewe hours per 
plot.* 

The plan of the experiment was such as to allow for five 
independent sections each to be grazed for the first time during 
the season as follows : (1) at date of full brairding ; (2) one month 
later; (8) two months after brairding; (4) three months after 
brairding, and (5) four months after brairding. Within each 
section there were two sub-sections grazed (a) monthly, or on a 
long rotation,” and (h) fortnightly, or on a short rotation.” 
Of necessity, and as explained above, the grazing time-schedule 
was an elastic one. In a season of normal rainfall a full braird 
would have been obtained in about three weeks after sowing and 
Section 1 would then have been grazed over. Consequent, how- 
ever, upon the dry spring and in particular the low rainfall of 
April and May, 1988, Section 1 was not grazed until May 81st— 
over eight weeks after sowing the seeds — ^the date coinciding with 
full brairding on the plots. In sympathy with this the dates of 
first grazing in the remaining four sections were also delayed, 
the respective dates being twelve, sixteen, twenty and twenty- 
four weeks after sowing. The appearance of the growth on June 

2 Since \nmhn with their mothers were useil in the trial an arbitrary 
fitrnre waa adopted for the ratio of lambs to ewe eniiivalents. These ratios 
were as follows; — T^p to end of May 6 lambs = 1 ewe; Jnne-.Tiily to 
S lambs = 1 ewe ; August to October, 2 lambs = 1 ewe. 

K 
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9th, namely, ten weeks after sowing, may be judged from a study 
of Figure 2 (facing page 160). 

The following statement will show the date range during 
which the five different sections were grazed, the number of graz- 
ing periods and the total number of ewe hours per l/50th acre 
plot in each section. It will be seen that sections 1 and 2 have 
had altogether more consolidation than the other sections as 
measured by the total ewe hours per plot. This factor is signifi- 
cant in connection with soil establishment, discussed later in this 
paper. 


jS'c'c. Crazing data, 

tkm. 19X^. 

.V limber of grazings. 

Total ewe 
hours per 

1 150th acre 

Ewe hoitrs. 
Relative. 

When 

monthly. 

When 

fortnightly 

1. 81/5 (8 weeks after 

sowing to 31/10) 

6 

10 

216 

100 

2. 29/6 (12 weeks after 
sowing to 31/10) 

5 

9 

242 

112 

8. 24/7 (16 weeks after 
sowing to 81/10) 

3 

7 

189 

87 

4. 21/8 (20 weeks after 
sowing to 31/10) 

2 

5 

156 

T2 

5. 18/9 (24 weeks after 
sowing to 31/10) 

2 

3 

160 

T4 

1 


The relative number of ewe hours per plot is not meant to 
convey relative productiveness in terms of sheep carrying 
capacity. It cannot do so, since in sections 8, 4 and 5 there was a 
great deal of feed trodden under foot in the course of the first 
grazing thereon. Much of this was wasted. In the two latter 
sections in particular the fodder at the ‘‘ first grazing ” dates, 
namely, 21/8/88 and 18/9/88 respectively had grown to quite a 
hay crop. This was therefore scythed over and collected together 
to be fed back to the sheep on the plot from which it had been 
cut. The system proved efficacious in so far as the even 
grazing of the plots was concerned, but there remained a consid- 
erable proportion of long cut grass which the sheep rejected. 

Manuring. 

Each fold was divided transversely into three parts, and each 
part treated manurially as follows : — 

(a) PN — ^basic slag at 5 cwt. per acre applied day of sowing 
seeds ; nitro-chalk at 2 cwt. per acre applied 15/5/88 after braird- 
ing had taken place, 
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(b) P — basic slag at 5 cwt. per acre as above, 

(c) C — no manure. 

Analytical Work. 

Samples for botanical analysis were taken throughout the 
season. These were cut (with shears) to a height of 1 inch above 
ground level, fifteen samples being taken at each sampling date, 
using the square foot mesh. The samples were analysed into 
constituent sown species and weeds by the percentage productivity 
estimation method (7). They were then carefully air-dried and 
weighed. 

In the autumn of 1038 accurate counts were made relative 
to the numbers of plants of the sown species which had become 
established on the plots. Fifteen readings, using the 6 in. x 6 in. 
mesh, were taken on each plot and the percentage establishment 
was calculated.^ 


M vt coral og ica 1 Con di t i o n s . 

Table II gives a summary of the rainfall, sunshine and mid- 
temperature at Aberystwyth for each month of 1938. The total 
rainfall and total hours of sunshine occurring during the period 
April to September inclusive are also given. For comparison, 
the April to September figures for rainfall and sunshine for the 
years 1925-1988 are added. The weather conditions at Aber- 
ystwyth during 1933 were wholly abnormal, with exceptionally 
low rainfall in the summer months, high figures for sunshine, and 
temperatures well above the normal. 


Discussion of Results. 

A. Gross Yields. 

Table III gives the yields of air-dry fodder in lb. per acre 
based on the pre-grazing samples. The commercial mixture, as 
is usual during the seeding year, has slightly outyielded the 
indigenous for the period under review. Comparing the relative 
yields, the low figure for section 8 is noteworthy, and is related 
to the adverse climatic conditions prevailing during the period 
which followed the date on which this section was grazed for the 
first time (24/7/88). The weather during that period was both 
dry and hot. Having regard to the adverse season, however, 
the relatively high figures for sections 1 and 2 are remarkable. 

* The porcentapre establifibnient is the averajcre number of Individual 
plants in any species expressed as a perrentapre of the averag^e number of 
viable seed of that species sown per unit of area. 
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Apr.-Sept. 
inclusive. 
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1.46 

200.3 

61.6 

ftin £ 

1.57 
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61.4 

1 

aun£ 

2.80 

180.2 

57.7 
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1 

1.19 

150.7 

1 52» 

l}*dy 

0.75 

138.0 

46.5 


2.61 

136.8 

1 45.9 
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'tUvnuvp 

S IM •• 


Rain&ll (inches) .... | 

Sunshine (hours) 
Mid-temperature (F*) .... j 


i 


o> 

CO 


I 


I 


Oi 


© 




s 

s 


I 


« 

ti* 

. 

c «> 

to.g 

'«!.l 


I 


<g 

B 

I 


Sunshine (hours) .... | 1111.9 989.7 923.5 1058.5 I 1177.6 898.3 ! S28.0 I 891.8 1060.3 



Management and Manuring of Pasture Plants. 149 

Grazing was commenced on these more or less as soon as keep 
became available on the plots. The data indicate that pasture 
plants can adapt themselves to adverse conditions of weather 
and make good recovery when more favourable conditions are 
resumed. The yields in sectiojis 4 and 5 are a good deal higher 
than in sections 1 and 2, taking the season as a whole, however. 
There has been an appreciable response to manures, the ratio for 
gross yields being PN : P : C as 165 : 184 : 100. 

TABLE III. 

Comparative yields of air-dry fodder in lb. per acre for seeding year; 
(a) influence of management upon the indigenous and commercial 
mixtures, and (b) influence of manures upon total yield, E. 155, Gorse 

Field, 1933. 

(a) Influence of management. 



1 

Sec- 

tion 

1 

See- Sec- 
tion tion 
£ 3 

1 

»Scr- 

tion 

h 

1 

Sec- 

tion 

5 

1 

1 Aver- 
affc. 

Rela- 

tive. 

Mixture A (iudiigcnous) 

i 

12.V1 1 

1384 1232 

2372 ' 

2055 i 

1649 

(100) 

Mixture B (coramercial) 

1342 1 

1594 1283 

2T46 

1976 

1788 

(108) 

Average 

12!); 1 

1464 1258 

2559 

2016 



Relative 

1 (KH)) 

! im (97) 

. .J 

(197) 

(155) 




(b) Influence of manures. 


1 

PN 

V c 

Average Mixtures A aud B | 

2156 

^ 1748 1302 

Relative (with C - I0(J) 

1 (isr>) 

1 1 

j (134.) (100) 

(B) Productivity of the Seeds Mixture Componenis, 


(1) Influence of management upon, end of season yields : 
Sections 1 to 5. Table IV (a) shows in summary form the pro- 
ductivity of each sown species (on 20/10/88) in relation to the 
date on which the various sections were initially grazed. For 
the purpose of discussion the species have been grouped in this 
table as follows : — 

Major contributing grasses : perennial rye-grass, Italian rye- 
grass and cocksfoot. 

Other grasses plus sheep^s bumet : timothy, dogstail, rough- 
stalked meadow grass, foxtail and burnet. 

Clovers : red clover and white clover. 

Weeds : unsown species. 

Perennial rye-grass, Italian rye-grass and cocksfoot have 
contributed the bulk of the feed offering. It is of interest in this 
connection to note that there is a general tendency in these 
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^'rasses to an increase of yield when not grazed too soon after 
sowing. This is apparent in the figures for percentage pro- 
ductivity as well as in the actual weights of air-dry fodder. 
Among the other sown grasses there is no such general tendency ; 
their total contribution for the period has in any case been too 
small to draw any useful conclusion therefrom. The clovers, and 
particularly white clover, show appreciable reduction in series 5 
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(grazed for the first time 5^ months after sowing). This was to 
be ex}>ected, since white clover is intolerant of excessive shading. 

It is recognised that top grasses, and in particular Italian 
rye-grass, will tend to depress the growth of slower developing 
species during the early phases of the ley. A considerable body of 
evidence relating to this problem has been accumulated. Most of 
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the experiments concerned have naturally been conducted in years 
of higher summer rainfall than occurred in 1938. It is interesting, 
therefore, to note that the top grasses have the same general 
tendency of aggressiveness in relation to their sward associates in 
a year of low rainfall, although the shading of one grass by 
another must have been considerably less severe than in a season 
of normal growth. 

Percentage production in relation to the length of rest 
between consecutive grazings is summarised in Table IV (b). 
The average yields per acre (cut 20/10/33) are also given for each 
series. These data are useful in so far as they indicate that 
])erennial rye-grass shows ability to withstand the more severe 
grazing, its percentage contribution, that is, its contribution in 
relation to that of the remaining species, being considerably 
higher in the frequently grazed series. On the other hand, Italian 
rye-grass and cocksfoot have suffered from being grazed too fre- 
quently. On plots grazed frequently the percentage of red clover 
has fallen in consequence from 7.5 to 1.0 per cent. There is no 
significant difference in the figures for white clover, although 
critical observation on the plots at this period rather suggested 
that white clover was spreading more rapidly on plots which 
were being grazed frequently. In the table the figures for white 
and red clovers are aggregated. 

TABLE V. 


The influence of manures upon the total yield of air-dry grass for the 
1933 season (sown species and weeds), £. 155, Gorse Field, 1933. 


M anurial 
'Ireaimeni. 

Perennial 

rye-grass. 

.2 

Cocksfoot 

Other 

grasses j 

z 

s 

G 

1 

Weeds. 

Total. 

1 

PN 

[ 

17b* 


1 W ' 

16 

147 

660 

V 

1 

\2S 

1 

07 

24- 1 

19 

166 

588 

C (unmanured) 

! ii:> 

i 80 

1 ' 

3T ! 

.i 

u 1 

80 

95 ^ 

871 


(2) Influence of artificial nianures upon production. The 
average yields summarised in Table V are in relation to the effect 
of phosphates used alone and in combination with nitrogen. Both 
basic slag and nitro-chalk have increased the yields of the grasses, 
this being especially marked in the rye-grasses. The highest 
yields for clover are on the uiimanured plots. The appearance 
of the plots in this connection has occasioned considerable com- 
ment during the latter part of the growing season. The majority 
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of both our past and current trials at the Station show that 
phosphatic manures have a beneficial influence upon establish- 
ment and growth of clovers. The result obtained in the present 
experiment is, therefore, in direct conflict with the general trend 
of the evidence. There are two factors which probably have some 
bearing upon this result, namely (1) that the experimental area 
with which we are now concerned is one of high natural fertility, 
and (2) in consequence of the abnormally dry season the applica- 
tion of phosphatic manures may have hastened the germination of 
the clovers as it did that of the grasses, but when this was followed 
by prolonged dry weather the seedlings of clover hay have failed to 
survive. This latter phenomenon has been observed in two of our 
previous trials at the Station, both of which were conducted in 
seasons characterised by marked drought during the spring 
months (sec Davies (2) and Western (6) ). The present data 
give a true picture of the state of affairs on the plots at the end 
of the 1P33 season, and are further corroborated by the plant 
establishment data which are discussed below (sec Table IX). 

Throughout the latter half of the season the clovers have 
been more plentiful on the unmanured plots, while the grasses 
have been denser and more productive on the top dressed plots. 
The sum of the critical observations made throughout the season 

TABLE VI. 

Yield* of gras* (air-dry) in lb. per acre from the end of season cut 
(20/10/33) comparing indigenous and commercial strains. 


Spccten 

.V ixtnre A . 

I ndigevouit. 

Mixture B. 
Commercial. 

roreniiial ryo-^rass 

120 

18fi 

Italian ryc-gruss 

io 


(Vx'ksfoot 

IS 

24 

I’iniothv 

n 

3 

Meadow foxtail 

Trace 

Trace 

Oestod dogstuil 

Trac(* 

Trace 

Hough-stalked meadow grass 

2 

2 

Hed olovrr 

10 

10 

White clover 

8 

s 

Burnet 

1 

1 

Weeds 

7 

4 

'roial 

209 

22T 

Relative 

(100) 

(108) 


indicated that the PN and P plots were always very similar to 
each other in general appearance and composition, whereas the 
C (unmanured) sections were always in sharp contrast to them. 
The C plots were less dense, providing in the aggregate less feed. 
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aiid containing altogether more clover than either the FN or the 
P plots. The evidence embodied in Table V confirms these 
observations. 

(8) Comparative yields of indigenous and commercial seeds 
mixtures at end of 19H.i season. The commercial mixture out- 
yielded its indigenous counterpart in the ratio 108 : 100. This is 
in general confirmation of our past experience. Examining 
individual strains, pedigree Italian rye-grass slightly outyielded 
the commercial strain, while pedigree perennial rye-grass and 
cocksfoot gave lower yields than commercial. There were no 
significant differences in the clover yields. The data are given in 
Table VI (page 152). 

(C) Soil Establishment of Soimi Species. 

(1) Influence of grazing technique. The percentage establish- 
ment figures embodied in Table VII indicate the influence of 
management u})on establishment. These data are discussed 
hereunder. 

Percentage establishment varies significantly in the different 
species, and there is a general correlation between this figure and 
grain weight (see Table I). This confirms investigations already 
reported upon from the Station (2). The figure given for Italian 
rye-grass in the present experiment, however, is much lower than 
would be expected from a consideration of the size of its seed 
or from the evidence of previous trials. This is probably closely 
connected with the fact that the plots were heavily grazed. The 
establishment data are based on end of season counts, and a 
critical study of the plots at this period showed that Italian rye- 
grass plants had died back in considerable numbers ; these dead 
plants were not included among the counts upon which the data 
for percentage establishment are based. Italian rye-grass, 
together with perennial rye-grass, has contributed a very large 
proportion of the first season’s grazing on these plots. Having 
regard to its power of rapid recovery after defoliation, as well 
as its biennial nature, Italian rye-grass will have been treated 
unduly harshly and particularly so in the course of a dry summer. 
On the whole, establishment has been good having regard to the 
season. The figures for most of the species compare quite favour- 
ably with those collected at the Station in relatively wet seasons 
during the past decade (see referencs (1), (2), (5), (6) ). 

The average establishment on plots grazed from the start 
(section 1) is rather higher than on those where a season’s 
growth had accumulated prior to their initial grazings (sections 4 
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and 5), lii particular the ligures for perenuial ryc-grass, dogstail 
and white clover are high in seclioiis 1 and and are better in 
the latter than in the former. 

The data in Table VII (page 154) witli reference to establish- 
ment on plots grazed on the short as opposed to the long rotation 
are instructive. On the average of all species the plots grazed 
frequently show the slightly lower figure. Examining the results in 
detail, however, it is found that of the grasses, perennial rye- 
grass, cocksfoot, timothy, meadow foxtail and rough-stalked 
meadow grass show little reaction to the differential treatment. 
The ligures for Italian rye-grass, red clover and burnet have been 
appreciably lowered in the frequently-grazed series. White 
clover, and to a less marked extent dogstail also, show higher 
ligures for percentage establishment on plots where the grazing 
was most severe. White clover and dogstail do best on a well- 
consolidated surface and where shading from other plants is the 
minimum (8). 

Establishment in herbage plants is a reflection not only of 
the edaphic conditions in terms of inherent soil fertility but also 
of conditions set up by the grazing animal. The surface of the 
soil is consolidated by the hoof action of the animal; soil is 
pressed more firmly around the roots of the establishing plants ; 
the fertility of the immediate surface layers of the soil is enhanced 
by the deposition of animal excreta both liquid and solid. The 
influence of the grazing animal during the early periods of 
establishment is therefore a beneficial one in so far as the soil 
surface is consolidated and enriched. On the debit side the 
animal, left to its own devices, will defoliate the young plants, 
will, therefore, tend to make them weaker and to lessen their 
power of rcovery. Experience shows too that seedlings may be 
partially, and even wholly, uprooted in considerable numbers by 
the action of both tooth and hoof in the process of grazing. 

Close grazing allows light and air to reach the surface and 
the faster growing species, usually the least persistent, are not 
allowed to become aggressively competitive in the sward. It 
appears from the evidence that even in years of abnormally low 
rainfall, such as 1983, frequent and close grazing, if carried out 
judiciously, need not be unduly harmful to the permanent 
elements in the mixture. The greater consolidation of the soil 
and the addition of animal droppings may be highly beneficial, 
as is indicated by the figures for perennial rye-grass, dogstail and 
white clover in Table VII. This is of some importance in connec- 
tion with the renovation and re-seeding of rough grazings and hill 
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pastures in Wales. It is not always possible to fence adequately 
areas so improved, with the result that they will usually be 
grazed excessively hard. It is important to know that perennial 
rye-grass, dogstail, and white clover will establish themselves 
even when the swards containing thenl are closely and frequently 
grazed in the seeding year, because appropriate strains of rye- 
grass and white clover in particular are fundamental ingredients 
of the simple mixture and are suitable over a wider range of 
habitat conditions than is commonly assumed. 

TABLE VIII. 

The percentage establishment of pedigree and indigenous seeds com- 
pared with commercial strains, E. 155, Gorse Field. Analysed in the 

autumn of 1933. 



Mixture A. 
Indigenous . 

Mixture B. 
Commercial. 

* Perennial rye-grass 


71.3 

* Italian rye-grass 


i>3.7 

(’ocksfoot 

•JI.7 

29. i 

^ Timothy 

5.8 

7.5 

* Meadow foxtail 

n.‘j 

8.0 

Dogstail 

In.:. 

'9.6 

Rough-stalked nniadtnv grass 

7.n 

3.6 

Hed elovor 

CfSA 

12.0 

White clover 

rn.'i 

28.1 

Burnet 


.MM 

Average of o (grasses marked * 

•it.H 

28.0 


(2) Cov! parativv cstablishvicnt, indigenous and commercial 
strains. The figures are summarised in Table Vlll, Considering 
the grasses individually, the data for establishment show similar 
trends to those found in productivity. Commercial perennial 
rye-grass has established itself better than the pedigree strain ; 
the advantage is similarly with commercial cocksfoot as compared 
with pedigree. In Italian rye-grass and meadow foxtail the pedi- 
gree lots are slightly higher. In the red clovers, Montgomery red 
has established itself very much better than broad red ;* likewise 
wild white clover has consistently given a higher figure than 
Polish white. 

(3) Inflyence of the manures upon establishment. The data 
given in Table IX show that in this experiment manuring has 
had relatively little influence upon establishment in the grasses. 
Emphasis is again laid upon the fact that we are dealing with a 
relatively fertile soil which furthermore has been liberally 

* The particular lot of broad red used in this experiment has shown an 
abnormally low figure for percentage establishment throughout the plots. 
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manured in past seasons during its normal rotation as an experi- 
mental blockt On the average of all the grasses the percentage 
establishment is approximately the same on all plots, while the 
figures for perennial rye-grass and dogstail are highest on the 
unmanured sections. With reference to productivity in the 
grasses, there was an appreciable increase of yield due to manur- 
ing, but no such general trend is found in respect of establish- 
ment. In the clovers, on the other hand, both P and (still more 
so) PN have depressed establishment. These data are based on 
the averages of large numbers of plots (fifty for each manurial 
treatment) and are statistically significant. For red clover the 
average percentage establishment on PN, P, arid C plots is 43.3, 
50.8. and 50.2 respectively, the comparable figures in respect of 
white clover being 22.6, 28.6, and 37.7 per cent. These latter 
figures are wholly in accord with the field notes and general 
observations made upon the plots as well as with the yield 
data already discussed (Table V). The depression of percentage 
establishment at the end of the seeding year on plots receiving 
manurial dressings has been noted in previous years by Davies (2) 
and Western (6). 

TABLE IX. 

Percentage establishment in the sown species in relation to manurial 
treatment, E. 155, Gorse Field. Analysed in the autumn of 1933. 


Spemcit, 

PS. 

P 

c 

Perennial rve-grass 

58.9 

62.5 

66.8 

Italian rve-grass 

.80.8 

28.8 

25.5 

Cocksfoot 

26.9 

28.0 

26.8 

Timothy 

8.1 

7.4 

4.5 

Meadow foxtail 

10.1 

8.6 

10.1 

Dogrstail 

9..5 

9.9 

12.2 

Rough-stalked nu^adow grass 

7.6 

4.8 

8.5 

Red clover 

48.8 

50.8 

59.2 

White clover 

22.6 

29.6 

87.7 

Burnet 

44.2 

55.9 

65.0 

Average of 7 grasses 

21.7 

20.6 

21.8 

Average of 2 clovers 

88.0 

89.7 

4R..5 

Average of all species .... j 

26.2 

28.0 

81.1 


SumnMiry and General Considerations. 

The experiment reviewed in this article deals with the 
behaviour of grass and clover during the seeding year with par- 
ticular reference to management and manuring. No nurse crop 

t Between January, 1927, and November, 1981, the block received 
adequate dressings of farmyard manure, superphosphate, lime and shoddy. 
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was sown. Ewes and lambs were used throughout for the graz- 
ings ; the plots were stocked heavily for short periods and then 
given periods of rest according to schedule. The following con- 
clusions may be drawn from the evidence accumulated : 

(1) Pastures can be successfully established under a system 
of judicious rotational grazing carried out in the seeding year 
even though the rest period between consecutive grazings is of 
short duration. Having regard to the abnormally dry season 
and the consequent slowness of recovery after grazing, the 
management proved to be very severe. The plots were grazed 
down very bare at each grazing period, yet the sown species have 
established themselves satisfactorily in the face of both severe 
grazing and adverse weather. 

(2) Basic slag applied at sowing time and nitro-chalk applied 
five weeks later have not greatly affected final establishment in 
the grasses. The establishment of the clovers, however, has been 
depressed on the manured sections. Initial germination in the 
grasses was hastened by phosphates and nitrogen ; this was most 
marked some six to nine weeks after sowing, and gave the impres- 
sion at that time that the unmanured plots would# fail (see 
Figure 2). These early distinctions be(‘ame levelled out about 
three months after sowing. Manures have, on the average, 
increased actual yields in the grasses, hut caused a decrease in 
the yield of clover. 

(8) Commercial strains of the grasses have established rather 
better than pedigree strains, and for the period under review have 
also proved somewhat more productive. The differences, how- 
ever, are only slight, with the exception of perennial rye-grass, 
in which commercial was appreciably the better established. In 
Italian rye-grass and meadow foxtail percentage establishment 
was higher in the pedigree strains. Both Montgomery red and 
wild white clovers established better and gave higher yields than 
broad red and Polish white respectively. 

(4) The establishment data for the grasses and clovers under 
test are in general agreement with those obtained in previous 
trials at the Station. These data might be usefully employed in 
drawing up seeds mixture prescriptions. If the desired ratio of 
plants in the established sward be stated, the composition of the 
mixture can be calculated from a knowledge of the grain weight 
and the potential figure for percentage establishment. Consider, 
for example, the simple mixture of perennial rye-grass, dogstail, 
rough-stalked meadow grass and white clover, and suppose the 
ratio of plants desired in the ultimate svrard to be 60 ; 10 : 10 ; 20 





FIGURE 1. 

(icnrral view of tli<‘ <*xi)crini(‘ntal block to show lay-out of plots. R. !.■).■) 
(lorse Field. IMudo. 21,7 • 



FIGURE 2. 

Vi(‘w of portion of tlu' experiinnit showing influence of phosphate (P); 
))hosphate pins nitrogen (PN) anti no manure (C). Photo)jraphed ten weeks 
after seeding; note also sparse growth generally due to the dry spring. 
K. IT).") Uorst* Field. Photo. 
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for these species in the order given above. If perennial rye-grass 
was (empirically) sown at 14 lb. of viable seed per acre, then, 
having regard to both potential establishment and grain weight, 
we should require to sow dogstail at 8.18 lb. per acre; rough- 
stalked meadow grass at 1.1)7 lb. per acre, and white clover at 
3.04 lb. per acre, all adjusted to real value 100. Assuming 
that Italian rye-grass and red clover be added as temporary 
elements, the mixture would read approximately as follows (lb. 
per acre, assuming real value = 100) : — 


Perennial rye-grass 

U lb. 

Dogstail 

8 lb. 

Rough-stalked meadow grass 

2 lb. 

White clover 

3 lb. 

Red rlovcr 

say 3 — 4 lb. 

Italian rye-grass 

say 3 — 6 )b. 


Apart from the Italian rye-grass and red clover, which as 
temporary elements need not be considered in this discussion, 
the calculated ratio of established plants in the four remaining 
species would be 60 : 10 : 10 : 20. The sowing would give a total 
population of these four species representing some 8.5 million 
established plants per acre. This is equivalent to a total of eighty 
plants per square foot, namely, forty-eight plants of perennial 
rye-grass, eight plants of dogstail, eight plants of rough-stalked 
meadow grass and sixteen plants of white clover all per square 
foot. It is of interest to note that these seed rates of dogstail, 
rough-stalked meadow grass and white clover are higher than 
those usually advocated in seeds mixtures prescribed for 
permanent pasture. They approximate very closely, however, 
to the usual seed rates included in the ultra-simple seeds mixtures 
recommended by this Station. Simple mixtures of this type 
have furthermore given uniformly satisfactory results in practical 
trials extending over the past fifteen years. 
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SOME OBSERVATIONS T^PON THE 
RET.ATTVE PERFORMANCE OF 
COMMERCIAL AND OF INDTCF.NOTTS 
FORMS OF SOME CRASS SPECIES TENDER 
GENERAI. FARM PRACTICE. 

By R. Alun Robbrts. Ph.D., and 
.T. O. Thomas, M.Sc., N.D.A., 

University College, Bangor. 

The following is an account of the relative persistency of 
commercial and of indigenous forms of some grass species under 
general farm conditions in some counties of North Wales. 
During the years 1928 and 1929 the mixtures set out below were 
sown in half-acre plots at a number of centres, covering a range 
of soil types, situations, and systems of farming practice. 


TABLE I. 

Seed per acre in lb. 


Commercial. 


Indigenous. 


Italian rye-grass 

4 

Italian rye-grass 

. .. 4 

Perennial rve-grass .... 

15 

Sutton’s wild perennial 


Danish cocksfoot 

7 

rye-grass 

.... 17 

American timothy .. 

6 

Sutton’s English cocksfoot 

.... 7 

Bough-stalked meadow grass 

1 

Sutton’s Scotch timothy 

8 

Broad red clover 

8 

.Sutton’s rough -stalked 


Late flowering red clover 

2 

meadow grass 

. . 1 

Kent wild white clover 

1 

•i 

Broad red cldvcr 

T.ntc flowering red clover 
Kent wild white clover 

.... 8 

2 


The clover elements were of the s^me origins for both plots, 



TABLE 11. Percentage composition of pastures in 1933. Areragc of twenty readings per plot. 
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The mixtures were the same in both years but for the fact 
that iu 1929 indigenous seed of rough-stalked meadow grass was 
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not available, and commercial seed of this species was used 
throughout in that year. In view of the percentage figures for 
germination for indigenous perennial rye-grass being below those 
of the seed of commercial origin in this species, the seeding of 
the former was in both years augmented so as to provide approxi- 
mately the same number of viable seeds per acre for both forms. 

It is as yet too early to attempt a critical review of the 
relative performance of the various forms ; the observations here 
are regarded more as an interim record of the status of the 
various swards. Up to the present only some of the centres 
have been examined in detail; those that were grazed over the 
summer of 1988 were examined botanically in that year by the 
Estimated Productivity Method. (See Table II, page 161). 
Others that were in hay will be examined next season at a time of 
year comparable with the times of the analyses of 1983, vh., late 
May and early .lune. 

Lhvynon, Llanfnir P.G. 

At this centre one crop of hay only has been taken since 
it was laid down. At the time of analysis (end of May) the field 
was but lightly grazed. Most of the species were running into 
fiower, and tufts of cocksfoot were general throughout the sward. 
Compared to the average of all the centres, the takes of wild 
white clover and timothy are low, while those of cocksfoot and 
rough-stalked meadow grass are high. The unsown elements in 
the sward are high, especially on the plot sown with commercial 
seeds. Yorkshire fog is prevalent on both swards, and the 
incidence of other weed species is higher than the average 
elsewhere. 

Pwllyillo^ Rhoscolyn. 

The plot sown with indigenous seeds here offers a striking 
contrast to the rest of the field. The soil is light, and the loss 
of hold of the plants of commercial origin is evident from the 
high incidence of pioneer species like crested dogstail, Yorkshire 
fog and annual meadow grass on this plot as compared to the 
other. The sward established from indigenous seed is mainly 
composed of perennial rye-grass, wild white clover and rough- 
stalked meadow grass. It is particularly weed free, and demon- 
strates clearly the superiority of seeds of indigenous strains on 
light land of this kind. 

Tyn-Llan^ Bodedern. 

The plots here are situated on heavier land than at Rhos- 
eolyn, and they are subject to mixed grazing, including calves 
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and sheep. Pigs and poultry also have the run of it. The sward 
established from indigenous seed has a very clean, healthy sole, 
and is very evenly grazed. Yorkshire fog, crested dogstail and 
annual meadow grass contribute a fourth of the plants on the 
commercial sown sward. 

nrynhyfryd^ Bryngttran. 

The swards here were alike the poorest of the Anglesey series 
both on casual examination and in the light of botanical analyses. 
Growth on both plots was far forward in the first week of June 
and inadequately grazed, though the keep from the plot sown 
with indigenous seed proved more palatable to stock, and was 
thus the more heavily grazed. Wild white clover stood low in 
both plots, and the heavy incidence of unsown species indicated 
indifferent management. Almost a third of the growth on the 
plot sown with indigenous seed, and over half the growth on the 
other, consisted of unsown species, largely Yorkshire fog, dogs- 
tail, sweet vernal and buttercup. 

Trenbhott Faivr^ Newmarket. 

The plots here have been annually mown for hay until 1988, 
and the changed conditions from those ruling mostly at the 
other centres are reflected in the analyses. Perennial rye-grass 
has been suppressed on both plots, and cocksfoot has dominated 
the sward. Daisies and red fescue are prominent on the plot 
sown with seed of commercial origin. By the end of the second 
week in June grasses of all species on the commercial sown plot 
were flowering abundantly, contrasting strongly with the green- 
ness and absence of flowering on the other plot. 

Ffyddion, Line. 

Here the plots appear to be very well managed. The graz- 
ing is governed very carefully. The supremacy of the sward 
sown with indigenous seed is evident from its being almost 
wholly composed of two species, perennial rye-grass and white 
clover, and from its freedom from weeds. Poverty resulting 
from a much lower take of rye-grass of commercial origin, as 
compared to that of the indigenous strain (15 per cent, against 
40 per cent.) has been checked, and a superabundant develop- 
ment of white clover has occurred rather than an inordinate 
spread of weed species. 

TAwyn celyn, TAnnrhaindr. 

The result of taking hay frequently on the composition of 
the sward is demonstrated here also. In both plots the species 
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sown have persisted better, and their relative contribution to the 
sward is strikingly even. Timothy has persisted excellently, and 
is much more abundant on each of the plots than anywhere else 
in the series. The sward was surprisingly clean throughout and 
free from weed elements. Even in the plot sown with seed of 
commercial origin the percentage of miscellaneous plants present 
is negligible. 


General Concliuiont. 

1. Detailed analysis of these swards has amply proved the 
marked supremacy of plants established from seeds of indigenous 
origin over plants from commercial seed both as regards persist- 
ency and lateness of flowering. Preference for the plant estab- 
lished from indigenous seed is obvious from the way the grazing 
animal checks this sward, even where stocking proves often 
enough inadequate. 

2. The value of persistence in a sown species as a check upon 
the pioneering of weeds and unsown species is demonstrated by 
the figures ; where four or five years after establishment, weeds 
on the swards established from indigenous seeds average a tenth 
of the sward, elsewhere they constitute over a quarter of the 
yield. The slacker the management factor the wider this 
difference. 

3. Good management can obviously arrest weed establish- 
ment ; it can also direct internal change in the botanical composi- 
tion of the sward. 

4. The lighter the soil the higher the value of seeds of 
indigenous origin on the scores of persistency and of acting as a 
check to unsown species. 

5. Continued haying compared to grazing definitely governs 
the balance of sown species in the sward. Species like cocksfoot 
and timothy, whether the seed be commercial or indigenous in 
origin, are largely favoured by hay being taken off the swards. 
Haying generally proves to be less critical a factor in affecting 
persistency of sown species than summer grazing. 



FUKTHER OBSERVATIONS ON THE EFFECT 
OF VARIOUS MANURES ON THE HERBAGE 
OF MEADOW-LAND. 

By R. Alun Roberts, Ph.D., 

AND 

J. O. Thomas, M.Sc., N.D.A., 

L'nivcrsitj College, Bangor. 


A trial was commenced in 1924 at the Farm of the University 
College, Bangor, in order to test various systems of manuring 
meadow-land. Hay has been taken from the land every year 
since, the yields have been determined each season, and detailed 
botanical analyses of the herbage of the various swards have been 
made on two occasions, firstly in January and February of 1930, 
and secondly in late April of 1983. 

Interim observations on the exjieriment as regards hay yields 
and condition and composition of the swards up to the spring of 
1980 appeared in Vol VII, 1981, pp. 142-55 of this Journal^ and 
the reader is referred thereto for details of layout and manage- 
ment, for no departure has been made since in the conduct of 
the trial. The scheme of manuring adopted appears in the tables 
inserted in the text. Plot 5, to which ground limestone is applied 
every third year, has been dressed on three occasions, in the 
winters of 1924-5, 1927-8, and 1980-1 respectively. 

The botanical composition of the swards in 1938 was 
determined by the Estimated Productivity Method. For details 
of this method the reader is referred to pages 249-52 of 
AffriruJtural Vol X, 1938, in the symposium on Methods 

of Pasture Analysis. 


Yield of Hot. 

Table I shows the yields of hay for each of the years 1930, 
1981, 1982 and 1988. Average yields for these years follow, and 
in the last column is added the average yield for each plot since 
the start of the trial. 

i. Farmyard mnvKre, 

This plot receiving farmyard manure annually continues to 
give the highest average yield. Its supremacy is not sustained 
year by year as firmly as it was up to 1929, for though outstand- 
ing in 1980 and 1982, the yield from it has been exceeded from 
other plots, both in 1981 and in 1988. These results do not 
shake our belief in the efficacy of farmyard manure applied each 
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year for the production of hay, for the average annual increase 
per acre over the no-manure plots for all the years is 8 cwt., 
or 25 per cent. 

TABLE I. 

Yield of key per acre. 




1931 

1932 

1938 

Average, 

1930-33 

1 

[ Average 

1 1925-3; 

o & 

..M. 

25.2 

i ^ 

36.1 

t . 


1 " * 

s w 

O & 

1. Farmyard manure niiimally 

46.(1 

30.2 

34.2 

35.0 

2. tFarmyard manure and 
slag alternately 

38. 1 

26.2 

31.3 

27.3 

31.0 

29.3 

3. No niaimre 

3:). 1 

25.2 

31.0 

27.0 

29.3 

27.0 

i. Slag alone annually 

33.1 

1 

1 

M.l 

18.2 

27.0 

21.0 

20.3 

22.2 

a. Complete artificials plus 
limestone (app. 1931) 
every third year 

j 26.0 

31.3 

33.1 

36.3 

1 

34.2 

33.1 

1 32.3 

6. Complete artificials 

13.2 

1 

1 28.0 1 

1 35.2 

1 36.0 

7. Complete artilicials minus 
potash 

38.3 

16.2 

29.1 

27 .2 

28.0 

27.2 

H. No manure 

37.3 

17.2 

28.0 

33.2 

29.3 

27.1 

9. C'omplete artificials minus 
phosphorus 

il.3 

30.0 

33. 1 

37.0 

36.1 

33.3 

in. (omplete artificials minus 
nitrogen 

ioA 

27.2 

32.2 

28.2 

38.2 

82.0 


t Fariiiviird manure was applied for tlie 19t*}I and I9;w crops, and basic 
sia^jr for the 1930 and 1932 crops. 


2. fhisic Slag. 

The depressing effects caused by applying slag alone each 
year, noted earlier, are now considerably more marked than 
when first observed. While this plot yielded on the average 23 
cwt. of hay per acre up to 1929, the average for 1980 to 1988 is 
depressed to 20 cwt. It would appear that the continued 
application of slag alone has a cumulative deleterious effect as 
compared with the two no-manure plots, each of which has 
yielded annually an average of 27 cwt. of hay per acre. 

Further evidence of the depressing effect of slag on hay 
yield — evidence that is more convincing than that available in 
1980 — is shown by the results from plots 2 and 9, the plots receiv- 
ing respectively farmyard manure and slag in alternate years, 
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and from the plot dressed with complete artificials but omitting 
phosphates each year. 

The plot receiving farmyard manure and slag in alternate 
years is but little above the no-manure plots in yield. Reference 
to the table of yields shows how far short of plot 1 its yield 
fell in the years following the application of slag (19;50 and 1982). 
The effect of omitting slag from a dressing of otherwise complete 
artificials is seen by comparing the figures for plots 0 and 9. 
Plot 9, receiving kainit and sulphate of ammonia, is second only 
to the plot receiving farmyard manure annually for the average 
of all the years, and for the second range of years (1930-3) it 
proves the best plot of any for yield of hay. For the same years 
plot 0, with complete artificials, is almost identical with it, 
though for the whole range of the experiment there is nothing to 
indicate that there is any advantage to be derived from the 
ap})lication of phosphates under the conditions ruling here and 
for the purpose of increasing hay yields. 

Poiush, 

It will be recalled that this trial u]> to 1929 amply demon- 
strated the beneficial effect of the application of potash on yield 
of hay and seriously challenged our notions at the time in assum- 
ing that the application of potash was scarcely necessary for 
grass and hay on medium or heavy soils. Every year, over the 
course of the trial, the omission of potash from an otherwise 
complete blend of artificials has seriously depressed the yield. 
For the average of all the years, this omission has depressed hay 
yield by 5 cwt. per acre. Over the later period (1930-3) the 
figure stands at 8 cwt. per acre, and for one year (1931) it is of 
the magnitude of 12 cwt. It would seem that the longer the 
trial runs the more marked will the effect of the omission of 
potash )>c in its de])ressing effect on yield, as the continued 
application of slag appears cumulatively depressing in its effect. 

It may add more significance to the figures if stated thus. 
The beneficial effect of applying farmyard manure as compared 
with applying no manure year by year is no greater than the effect 
of adding potash to an otherwise complete blend of artificials. 
The former is well established in general farming practice, and 
it would be well to see to it that, where artificial manures are 
periodically applied for hay, potash is not omitted as an element 
of the mixture. 

Nitrogen. 

It would appear that, as the life of the swards extends and 
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the annual applications are extended, there is more significance 
to be read into the figures for the omission of nitrogen from the 
blend of artificial manures used. In the years 1980-83 there is a 
margin of 8 cwt. of hay per acre in favour of not omitting nitro- 
gen. Up to 1029 the figures indicated no significant difference 
in yield when this element was included as compared to the yield 
on the plot where it was omitted. 

. 5 . I.hor, 

More than hitherto there is nothing to indicate as far as 
yield is concerned that the application of ground limestone in 
the winter of 1980-1 to plot 5 has been beneficial. Since the 
inception of the trial, on three occasions this plot has received its 
tri-annual application of limestone, but with no apparent 
enhanced yield following. 

Botanical Composition of the Herbage. 

The swards were examined in detail in the spring (April) of 
1988 after the plots had been down for nine years. The results 
are set out in Table II, and the species are set out in the same 
order as in the interim report on the composition of these "swards. 
The method of analysis— the Estimated Productivity Method — 
employed was adopted in preference to the Percentage Product- 
ivity Method employed in the earlier analysis ; the first mentioned 
is a more expeditious modification of the last mentioned, and 
the figures in this table and the earlier one are arrived at in the 
same way, and are thus comparable. 

Some indication of the significance one can read into the 
figures can be found from the probable error figures that arc 
given in each case for perennial rye-grass, for crested dogstail, 
and for wild white clover. These alone arc included in the belief 
that inclusion of all species on all plots would confuse the table 
and detract from its clearness. 


General. 

This field conforms to the term meadow in that hay is taken 
off it each year, the aftermath is grazed by dairy cows, and sheep 
graze over it in winter well on into April. Usually it is not put 
up for hay until towards the end of that month. 

The effect of this winter grazing is reflected in the general 
trend of the change in vegetation over the whole fleld as the 
years pass as much as in the specific effect of haying each season. 
Over the whole of the plots the cocksfoot element has shrunk con- 
siderably since 1980. On many plots but a fraction of a 



TABLE 11. Percentaji^a Occurrence of Species. 
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jxTceiitage remains where formerly 0 or 7 per cent, or even a 
tenth of the sward consisted of this species. Timothy has stood the 
flux of time and circumstance more firmly. There is little 
significant difference in the })ercentage figure of its representation, 
excepting on plots 1 and 2, where it has doubled in the last four 
years, presumably through the continued addition of organic 
residues. Of perennial rye-grass it can be said that it has retained 
its hold well, though continued loss of fertility has materially 
depressed it on the no-manure plots as would be expected. Where 
mineral fertilisers alone have been applied, the enhancement of 
perennial rye-grass is in each case evident where nitrogen supplies 
have been added to the plots. 

The figure for rough-stalked meadow grass seems to point 
towards a similar effect there too; outside the plots receiving 
organic manures the representation of this grass is materially 
lower than it was four seasons ago. The far less exacting species, 
crested dogstail, is in a different case. Its pioneering and colonis- 
ing powers are shown by the way it has spread on the no-manurc 
plots and on the last plot of the series. 

The percentage of wild white clover in 1933 as compared to 
1930 is down in all plots without exception. The fall is severe 
in those plots receiving farmyard manure either annually or in 
alternate years. It is least severe in the no-rnanure plots, but 
the continued lack of potash on plot 7 has by now served to 
depress it there to but a third of what it was four years ago and 
to but a twentieth of the whole sward. 

It is gratifying to note that miscellaneous and unsown species 
of plants constitute a smaller percentage of the sward than they 
did in 1929-30. With the exception of plot 10, where they have 
been reduced by half, their representation in the spring of 1988 
is plot by [)lot of the same order as at the time of the earlier 
analysis. 

Significant changes in the representation of the major 
species as compared with the figures at the time of the earlier 
examination arc referred to below. 

Plot 1 — Receiving slag alone annually* 

Perennial rye-grass is holding its own as the major element. 
Cocksfoot has shrunk appreciably, and so has the white clover 
element. Against this there is a higher representation of timothy. 
The former superiority of this plot, as was noticed in the case of 
yield, is not as marked as it was in 1980. 
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Plot 2 — Receiving fariuyard manure and slag in alternate years. 
As on the former analysis, there is no significant difference 
between the sward here and on plot 1 at any point. The change 
in percentage composition internally follows also the drift of the 
change in plot 1. 

Plots t{ and S — Control plots having received no manures 
throughout, 

Floristically, these plots have not chajiged much meanwhile. 
The wild white clover figure still remains low ; rye-grass retains 
its hold surprisingly well. Far less does their botanical composi- 
tion reflect the loss from the non-application of manures to the 
crop than does the yield of hay from them as compared to the 
other plots for the reason already expressed in the earlier report 
on these swards. 

Plot 4, — Receiving slag alone annually. 

The continued deleterious effect of this treatment, already 
noted on the score of yield, is only in part borne out by its 
botanical composition as recently determined. While it is true 
to say that the figures for rough-stalked meadow grass and wild 
white clover have been reduced by more than half what they 
amounted to at the time of the earlier analysis, it must be noted 
that perennial rye-grass has increased in the same proportion, and 
the figure for miscellaneous species, though still high, has im- 
proved within the last four years. 

Plots f) and 0 — Receiving complete artificials each year with the 
addition of ground limestone to plot n every third year. 
There is scarcely any ground for distinguishing between these 
two treatments on the score of the addition of limestone to the 
one. As previously stated, the soil, though devoid of calcium 
carbonate, contains lime in available form suflicient for sward 
growth and renders unnecessary, under the conditions ruling 
here, the added Jipplication of calcium carbonate. Compared to 
the i)lot receiving farmyard manure annually, these plots, 
though less excellent on the score of the figures for timothy and 
rough-stalked meadow-grass, surpass the former in their figure 
for wild white clover. They are also surprisingly free from mis- 
cellaneous weeds. 

Plot 7- Brer/r/ng complete artificlnh ininus potash annually. 
Outside the excellence of perennial rye-grass — over 40 per 
cent., and the highest percentage recorded in this trial at any 
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time for any species — an excellence due probably to adequacy of 
nitrogen supplies, the marked feature of the vegetation of this 
plot is the way wild white clover has by now been suppressed 
almost completely. It has been lowest of all the series as regards 
this element from the start, and its contribution at present is 
almost negligible. It is the highest in non-gramineous weed 
elements. This fact, with the loss of wild white clover, largely 
accounts for its very low hay yield. 

Plot t) — Receiving complete artificiah annually minus phosphate. 

The omission has in no way impaired the sward. The good 
early takes of cocksfoot and timothy have been depressed in later 
years less than they have been elsewhere, with the exception of 
})lots 1 and 2, receiving organic manures. Perennial rye-grass 
stands much higher now than it did formerly, though the 
representation of wild white clover has shrunk more than else- 
where, and the plot is remarkably free from weeds and unsown 
plants. 

Plot 10 — Receiving complete artificiah minus nitrogen each year. 

The loss of nitrogen here as compared with plot 6, receiving 
complete artificials, is shown in the greater spread of crested 
dogstail and in a continued low figure for wdld white clover. 

Summary. 

{A) On the basis of Yield. 

1. The efficiency of farmyard manure applied each year for 
hay production has been clearly established. It continues to give 
higher returns than do any combinations of artificial manures 
tried. The average annual increase over the yield of plots receiv- 
ing no manure for all the years of the trial is 8 cwt. per acre. 

2. The depression of hay yield resulting from the yearly 
application of slag, shown earlier, has since become more marked. 
Neither is benefit derived from the addition of slag to plots 
already dressed with potash and nitrogen. 

3. The deleterious effect of the omission of potash, already 
noted, becomes still more marked as the years pass. The benefits 
accruing from the use of potash are of the same order as those 
resulting from the use of a normal dressing of farmyard manure, 
comparing yields against yields from plots receiving no manure. 

4. As the years pass there is evidence that the omission of 
nitrogen from the artificial manures supplied is reflected in loss 
of yield. This was not clear from the earlier years of the sward. 
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5. The plots continue to show no added return for the 
periodic application of ground limestone to land already in receipt 
of complete artificials. 

(U) On the basis of liotanical Composition of the sward, 

1. The representation of cocksfoot on all the swards has been 
considerably reduced. Timothy has withstood the conditions of 
the test more successfully, especially on the plots receiving 
organic manures. Perennial rye-grass holds the ground well, 
especially where high nitrogen fertility prevails ; rough-stalked 
meadow grass less so outside the plots receiving farmyard 
manure. Crested dogstail proves its relative indifference to 
fertility by its spread on the plots receiving no manure; wild 
white clover has everywhere lost ground, on some plots severely 
so. 

2. Though there have been int/crnal changes in the represent- 
ation of the better species within the plots receiving organic 
manures, botanically they remain superior, though this is less 
marked than in 1980. 

3. Complete artificials would seem on the balance of species 
to rival closely farmyard manure as hay producers and to prcxluce 
weed-free swards. The former treatment favours some excellent 
species, the latter others. The addition of limestone has had no 
appreciable effect on the swards as formerly. 

4. The annual application of basic slag for hay proves by 
botanical analysis less deleterious than appeared at the time of 
the earlier analysis and than now appears on the score of yield. 
Rye-grass is gaining ground on the plot, which too is less foul 
with weeds than formerly. 

5. The continued omission of potash has served to depress 
wild white clover almost to vanishing point, and considerably to 
increase the n on-gramineous weed elements. 

6. The omission of slag from an otherwise complete blend 
of artificial manures is reflected less in the composition of the 
sward than the omission of nitrogen and much less than the 
omission of potash. 



I'HE EFFECT OF MANURES A'r 
DIFFERENT ALTITITDES ON THE 
NITROGEN AND MINER A I. CONTENT OF 
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W. E. .1. Milton, N.D.A., 
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The scarcity of ^rass duriiifj the lambing period is a source 
of serious loss to the upland farmer in Wales. At this time, 
which extends from the middle of March to the end of April, 
there is very little natural keeji in these areas, and the absence of 
nutritious herbage so essential to the breeding ewes must cause a 
reduction in the output of lambs. 

As might be expected, the botanical and chemical composition 
of the herbage varies from the lowlands to the uplands and this 
variation in composition will be appreciated from an examination 
of the data given in Table I. Here the percentage of nitrogen, 
phosphoric acid and lime in the dry matter of herbage ‘taken at 
altitudes varying from 50 to 900 feet above sea level is shown. 


Snmple Number 


N'itrop:PM .... 
Phosphnrir Acid 
IJme (U.'iO) 


TABLE I. 



1 

1 . 1 

”! 

.*1 i 

1 ! 

1 1 

T) 

1 _ - 


;L47 

i i 

1 s.wi ! 

1 

2.42 

1.9R 1 

1 

1.57 

(i’o.) 1 

0.94 

1 o.Tfi ! 

0..')9 1 

! 0.41 1 

1 0.26 

1 

1.26 

i 1.12 1 

1 1 

o.«i 1 

! 

! 0.39 1 

1 J 

0.32 

[ 


All the above samples were taken in the same season at the 
latter end of May and within four days of each other. Samples 
1, 2 and S represent our first, second and third class pastures 
respectively, while sample 4 is typical of bent fescue and 5 of 
Nnrdns pastures. The variation in the nitrogen, phosphoric acid 
and lime content of these samples is very marked and shows a 
gradual decrease in these constituents from the lowland to the 
upland. Thus the dry matter of the herbage of sample No. 1 
contains more than twice the nitrogen and about four times the 
phosphoric acid and lime that the Nardns pastures (sample No. 
5) contains. 

A botanical examination of samples 1, 2 and 3 showed that 
they contained roughly the same species but in varying amounts. 
Thus sample 1 contained about 30 per cent, perennial rye grass, 
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15 per cent, agrostis and wild white clover respectively together 
with about 10 per cent, each of crested dogstail, rough stalked 
meadow grass, fog and weeds. Sample 2 contained a lower 
percentage of perennial rye grass, rough stalked meadow grass 
and wild white clover than sample 1, but the percentage of fog 
and weeds was higher. Agrostis made the greatest contribution 
to the herbage of sample 8 of which it formed approximately 50 
per cent. Fog and weeds together contributed some 35 per cent, 
and the remainder was represented by perennial rye grass, 
dogstail, rough stalked meadow grass and wild white clover. 
The herbage of sample 4 contained some 90 per cent, of Agrostis 
and fine leaved fescue, Agrostis if anything being the highest 
contributor. The remainder was made up of Nardus and weeds, 
no clover being present in the herbage. Sample 5 was largely 
composed of Sardus and Molinia. Agrostis and fine leaved fescue 
were also present, but only in negligible amounts. The botanical 
analysis of samples 1 , 2 and 8 may be taken as typical of lowland 
pastures found in Mid-Wales, with representatives of 2 and 3 
predominating. Pastures similar to sample 4 in botanical 
composition represent the intakes or ffriddoedd of upland districts 
while sample 5 may be taken as representative of a large area of 
the sheep walks in Wales. From what has been said, it will be 
realised that the nitrogen and mineral content of the dry matter 
of the herbage as shown in Table 1 is mainly influenced by the 
botanical composition of the areas. If, therefore, means could 
be found of improving the character of the herbage of the upland 
areas by promoting earlier growth and increasing its nutritive 
value this would prove of inestimable benefit to the upland 
farmer. 

W^ith this object in view, the following investigation was 
undertaken and experiments were conducted to ascertain (i) 
whether lowland grasses and clovers could be successfully grown 
at higher altitudes, and if so, whether their composition differed 
when so grown and (ii), whether these lowland grasses make earlier 
growth than those normally forming the herbage of these areas 
and by this means help to ameliorate the existing conditions. 

A number of centres at which a previous investigation had 
been conducted in 1927 and 1928 were chosen for the purpose. 
These centres ranged in altitude from 50 to 900 feet above sea 
level. 

At the termination of the 1927-1928 investigation four 
pedigree grasses and a clover, namely, perennial rye grass, 
cocksfoot, timothy, fine leaved red fescue and Montgomery red 
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clover, were grown at each centre, and the produce of the grasses 
cut at approximately monthly intervals was chemically examined. 

In the 1927^1928 investigation, comparisons were made 
between sharply contrasting pasture types and their response to 
manures, the yield with the botanical and chemical composition 
of the samples taken from the pastures being determined. 
Three plots at each centre were used (1) control, (2) plot dressed 
with phosphates and potash and (3) a plot similarly treaty to 
plot 2 but with the addition of periodic applications of nitrogen. 
The manures applied to these plots were superphosphate and 
kainit at the rate of 2 and 4 cwt. per acre, respectively. Plot 8 
received, in addition, nitrogen in the form of Sulphate of Ammonia 
and Nitrate of Soda equal to 100 lb. of nitrogen per acre. The 
phosphate and potash formed the basal dressing applied in 1927, 
but the nitrogen was applied in 1927 and 1928 at the rate 
indicated above with this difference that in 1928 it was in the 
form of Nitro Chalk. 

These original plots at the end of 1929 were dug up and a 
seed bed prepared upon them on which the grasses in the present 
investigation were sown at the rate of 15 viable seeds per linear 
inch. The grasses were sown in drills and before cutting for 
analysis were given a year to establish themselves, that is, from 
the date of sowing, May 22, 1980, to May 19, 1981, the first cut 
at all centres being taken at the latter date. 

It is important to realise that manures were not applied to 
the plots in the present investigation until the second year, but 
for convenience of reference the plots are referred to under their 
previous designation, that is, control, phosphate and potash and 
phosphate, potash with nitrogen. Any effect this previous 
application of manure has on the mineral content of the herbage 
is, therefore, of a residual character, and will be considered 
before dealing with the results obtained when further dressings 
of manures were applied. 

The •• take ’’ at the three upland centres, namely, Pensam, 
Foel and tletty, was extremely poor, especially on the plots that 
had served as control in the previous investigation. So poor 
were these, that early in 1980 it was realised that if certain drills 
at these centres were left in their patchy state there would be 
little material for chemical examination. To safeguard against 
this, soil from these plots was brought from the three centres and 
placed in boxes at the Station Farm, Frongoch. In these boxes, 
seed from the samples sown on the plots were sown at the same 
rate as on the plots and the resulting seedlings transplanted fu 
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April, 1981, to fill up gaps in the drills on the plots as required. 

As previously mentioned, the first sample for analysis was 
taken on May 19, 1981. The lowland centres, namely, Nant* 
siriol. Crosswood and Frongoch, ranging in altitude from 80 to 
400 feet, looked extremely well, though the clover was not ready 
to cut at any of the centres. It is of interest to note that at this 
date of sampling, the influence of altitude on the growth made by 
the grasses was quite evident even within this comparatively 
narrow range. Thus fine leaved red fescue — ^the most advanced 
in growth of all the grasses — ^had its inflorescence fully emerged at 
Nantsiriol, making its appearance at Crosswood, while at Fron- 
goch though the most stemmy of all the grasses it had no 
inflorescences. The same effect was shown by other grasses but 
not to the same extent as fine leaved red fescue. 

At the lowland centres little difference was to be seen 
between the plots, though at Frongoch the plot which in the 
previous investigation acted as control was much poorer than the 
other two. This difference in appearance is also reflected in the 
chemical composition of the dry matter of the produce of the 
three perennial rye grass drills at this centre where the effect of 
the manurial residue on the mineral content of the produce is still 
evident. 


TABLE II. 

Shows the effect of the manurial residues on the mineral content of the 
dry matter of perennial rye-grass grown at Frongoch (400 feet above 

sea level) . 


Plot, 

Nitrogen 

N. 

Ash. 

Silica 
free ash. 

Phosphoric 

Acid 

P.O, 

Control 

2,60 

10.54 

6.31 

0.58 

r -H K .... 

2.64 

11.59 

6.58 

0.65 

P -h K + N 

i 

2.69 ! 

12.99 

8.84 

0.61 


Plot. 

Lime 

CaO. 

Potash 

K,0. 

Chlorine 

Cl. 


Control .... 

0.76 

2.14 

1.14 


P + K .... 

0.92 

2.48 

1.85 


P -+• K + N 

0.98 

8.10 

1.77 



The Table shows the effect of the manurial residues in the 
increased phosphate and potash content of the grass grown on 
the previously manured plot compared with the control. The 

M 
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Table further shows the influence superphosphate has on the lime 
content of the produce and confirms results previously 
obtained (1). 

A comparison of the lime content of the grass grown on the 
control plot with that grown on the plots to which superphos- 
phate had been applied shows the latter to be some 80 per cent, 
richer in lime. 

At the upland centres, namely, Pensarn, Foel and Lletty, 
the superiority in appearance of the plots benefiting from the 
residual effect of the manures stood in striking contrast to the 
unmanured plots. Fine leaved red fescue on all plots at these 
altitudes had made the most sturdy growth, cocksfoot was fair, 
but timothy on all the plots was poor and clover on the control 
plots was extremely poor. It should here be pointed out that 
seedlings of perennial rye grass, cocksfoot, timothy and clover 
had been transplanted to fill up gaps on the control and P + K 
plots at these centres. All the seedlings took, though they did 
not make very successful growth. 

.The influence of the manurial residues on the phosphoric 
acid and lime content of the grasses appears to be greater at 
these altitudes than on the lowlands. This effect is well 
illustrated in fine leaved red fescue grown at Pensarn, Table III. 


TABLE III. 
Pentam (750 feet). 


Plot, 

1 

Nitrogen 

N, 

Ash. 

Silica 
free ash. 

Phosphoric. 

Acid 

P=o. 

Control .... 

1.55 

5.48 

3.80 

0.42 

P + K .... 

1.68 

6.28 

4.52 

0.45 

P+ K + N 

1.6S 

8.58 

5.95 

0.58 


Plot. 

Lime 

CaO. 

Potash 

K,0. 

Chlorine 

Cl 


Control .... 

0.37 

2.18 

0.28 


P + K .... 

0.48 

2.87 

0.85 


P + K + N 

0.55 

2.82 

0.48 



The influence of superphosphate on the lime content of the 
produce is quite pronounced, and it would appear from Tables II 
and III that its residual effect is equally persistent under both 
lowland and upland conditions. At both centres the lime content 
of the dry matter of the herbage from the plots which received 
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superphosphate is increased some 80 to 50 per cent, over that of 
the control. The effect of the previous application of the 
manures on the phosphoric acid and potash content though not 
so great is still evident. Thus, in the case of phosphoric acid it 
appears to be greater on the uplands than on the lowlands, 
whereas in the case of potash the position is reversed. 

At the second sampling on June 19, 1981, the grasses on the 
lowland plots had made good growth and looked well but the 
clover was not ready to cut at any of the centres. A similar 
gradation in growth to that referred to at the first sampling was 
again to be seen on the lowland centres and the influence of the 
manurial residues was very obvious at Crosswood. Here the 
difference between the several manured plots was small, but 
between these and the control plot it was unmistakable. 

Growth on the control plots at the upland centres was 
generally very poor, and the gradation in bulk of growth with 
altitude was more evident than on the lowland centres. The 
disparity in growth being so marked between the lowland and 
upland centres, it is of interest to compare the composition of the 
dry matter of the same grass at these two altitudes. For this 
purpose, cocksfoot grown at Nantsiriol and Foel has been chosen, 
and in Table IV its composition on the two control and manured 
plots at these centres is given. 

The Table shows the dry matter of cocksfoot grown on the 
lowland control plot to be richer in phosphoric acid, potash and 
lime than that grown on the corresponding upland plot. 
However, a similar comparison of the composition of the dry 
matter of the herbage from the manured plots at the two centres 
indicates that although the herbage grown on the lowland plot is 
superior the difference between them is not as great as would be 
expected. 

From what has been said of the difficulty experienced in 
growing some of the grasses at these altitudes the yield of dry 
matter from the upland plots compared with that from the low- 
land is, as would be expected, very much poorer, and especially 
is this the case on the control plots. The important point, 
however, is that, poor as the yield of the majority of the grasses 
is, the nitrogen, phosphoric acid and lime content of those that 
can be grown at these altitudes is much higher than that of the 
natural herbage (compare Table I sample 4 with Table IV). 
From these results it would appear that if a choice of grasses 
better suited to these altitudes is made, c.g., fine-leaved red 
fescue and cocksfoot, these as shown in Table HI and IV at 
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TABLE IV. 

NanUiriol (50 feet). 
Lowlend Centre. 


Plot, 

Nitrogen 

N. 

Ash. 

Siliva 
free ash. 

Phosphoric 

Acid 

Pfi. 

Control .... 

2.48 

12.16 

7.27 

0.86 

P K .... 

8.05 

10.63 

7.80 

0.8.5 


Plot. 

Lime 

CaO. 

Potash 

Kfi. 

Chlorine 

a. 


Control .... 
P + K .... 

0.60 

0.60 

2.78 

2.89 

1..50 

1.10 


Foel (850 feet). 



Upland Centre. 






Phosphoric 


Nitrogen 


Silica 

Acid 4 

Plot. 

N. 

Ash. 

free ash. 

Pfl. 

Control 

8.04 

9.01 

7.28 

0.56 

P + K .... 

3.10 

9.38 

7.38 

0.72 



Lime 

Potash 

Chloride 

Plot. 

CaO, 

Kfi. 

Cl. 

Control .... 

0.45 

2..57 

0.85 

P + K .... 

0.51 

8.21 

0.92 


certain periods of the growing season do not differ to the extent 
expected when grown on the lowlands and uplands. The results 
certainly give ground for inferring that a herbage could be 
produced at these altitudes which would provide food richer in 
those constituents in which the natural herbage is so deficient. 

The first sample of clover was taken at all centres on July 
21, 1981, when the grass drills were cut for the third time. The 
grasses at the lowland centres were in luxuriant growth and 
cocksfoot had made twice the growth of any other grass. 

At the two previous dates of sampling attention was drawn 
to the gradation in bulk of growth with altitude, the order in the 
lowlands being Nantsiriol, Crosswood and Frongoch. On July 
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121, however, there was little difference between the first two 
Mntres though the bulk of growth at both was very much larger 
than at Frongoch. 

The growth at the higher centres at this date was greater 
than at any previous sampling, but the clover was stunted in 
Appearance, especially on the control plot at Pensarn, and the 
leaves on all the plots at Foel were yellow and looked anything 
but healthy. Here again the influence of altitude on the growth 
^f clover was very marked, becoming gradually less in passing 
from Lletty through Foel to Pensarn. 


TABLE V. 
Control. 


Centres. 

Nitrogen 

N. 

Ash. 

Silica 
free ash. 

Phosplwric 

Acid 

P,0. 

Lowlands 





50-400 ft. 

8.52 

10.36 

9.26 

0.74 

LTplands 





750-900 ft. 

2.87 

9.44 

8.77 

0.51 



Lime 

Potash 

Chloride 


Centres. 

CaO. 

Kfi. 

Cl 


Lowlands 

\ 




50-400 ft. 

8.05 

2.15 

0.50 


Uplands 





750-900 ft. 

2.89 

1.98 

O.il 



Manured. 


Centres. 

Nitrogen 

N. 

Ash. 

Silica 
free ash. 

Phosphoric 

Acid 

p,o. 

Lowlands 
50-400 ft. 

8.68 

9.72 

9.20 

0.79 

Uplands 
750-900 ft. 

8.05 

9.10 

8.64 

0.60 



Lime 

Potash 

1 

Chlorine 


Centres. 

CaO. 

Kfi. 

Cl. 


Lowlands 
50-400 ft. 
Uplands 

8.86 

2.26 

0.52 


2.12 

0.48 

750-900 ft. 

1 

2.58 
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This being the first occasion on which a clover sample was 
taken it is of interest to compare the nitrogen and mineral content 
of the clover grown on the uplands with that of the lowlands. In 
Table V the average percentage composition of the dry matter of 
the clover from the three lowland and upland centres grown on 
the control and manured plots is given. 

The composition of the clover grown on the control and 
previously manured plots of the lowland centres is richer ip all 
the constituents determined than that grown on the corresponding 
plots of the uplands. It is surprising, however, to find how well 
the clover grown on the upland plots compare with those of the 
lowlands when the natural state of fertility of the two areas are 
taken into consideration. 

Though four years have elapsed since the application of the 
manures, their effect is still to be seen on both areas, but appears 
to be more persistent and marked on the uplands. White clover 
would, of course, have been better suited to the conditions on the 
uplands than the red clover actually employed. The reason for 
the choice was that it is almost invariably used in seed mixtures 
with cocksfoot, rye grass and timothy being like these^ grasses 
among the top species in a ley. 

From these results it may be concluded as in the case of the 
grasses, that where clover can be grown its contribution to the 
nitrogen and the mineral content of the herbage would be 
invaluable at these altitudes, particularly in the case of lime.^ 

An interval of two months was allowed to pass before the 
fourth sample was taken on September 28, 1981. The growth of 
the grasses at the lowland centres, Crosswood and Frongoch, 
was mainly leaf and on the whole looked well in spite of the fact 
that all species were slightly yellow in appearance and had their 
leaf tips burnt. The clover at Frongoch was very poor but the 
grasses at this centre were greener than at any other. 

On the upland centres fine leaved red fescue was the only 
grass to keep its green colour, the remainder were yellow in 
colour and had their leaf tips burnt. 

Throughout the season it was noticed that the residual effect 
of the manurial dressings, especially the P. K. N. plots, was very 
evident at all the centres but more particularly on the uplands. 
To illustrate this the composition of one and the same grass 
grown on the control and manured plots at a lowland and upland 

1 In this connection it is important to realise that wild white clover 
has, in fact, been successfully established at a number of the centres where 
hill improvement experiments are in progress. 
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centre is given in Table VI, Timothy, a grass that has done 
poorer than any other under upland conditions, has been taken 
for the purpose. Table VI gives the composition of the dry 
matter of timothy grown on the control and manured plots at a 
lowland and upland centre sampled on the 28th of 
September, 1981, 


TABLE VI. 
Croitwood (300 feet). 


Plot. 

1 

Nitrogen 

N. 

Ash, 

Silica 
free ash. 

Phosphoric 

Acid 

P.O, 













Lime 

Potash 

Chlorine 


Plot, 

CaO. 

Kfi. 

Cl, 


Control .... 

0.91 

1.65 1 

0.78 


P + K + N 

1.02 

1.85 

0.89 

1 



Pensarn (750 feet) . 
Upland. 


Plot. 

Nitrogen 

N, 

Ash. 

Silica 
free ash. 

Phosphoric 

Acid 

P.O, 

Control .... 

2.20 

6.80 

1 5.10 

0.44 

P + K + N 

2.86 

6.69 

1 5.14 

1 

0.59 



Lime 

Potash 

Chlorine 


Plot, 

CaO, 

Kfi. 

a. 


Control .... 

0.57 

2.11 

0.65 


P + K + N 

0.78 

2.38 

0.70 



The dry matter of timothy from the control and manured 
plots is seen to be richer in nitrogen and all other mineral 
constituents with the exception of potash when grown on the 
lowlands compared with the uplands. With regard to the potash 
content of the grasses, it has been noticed throughout the season 
that in all the samples taken there has not been the difference in 
potash content between the same grass grown on the lowlands 
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and uplands that is met with when their phosphoric acid and lime 
content are compared. This is most probably due to the fact 
that the large majority of our soils, with the exception of those 
along the coastal belt, are generally well supplied with available 
potash. Again the residual effect of the manure, as was the case 
with clover, appears from the above Table to be more persistent 
and pronounced on the uplands than on the lowlands. Though, 
as previously mentioned, timothy is a grass that has consistently 
made poor growth on the uplands and appears to be quite 
unsuited for these altitudes, it supplies, where it can grow, a 
herbage much richer in phosphoric acid and lime than the natural 
herbage. 

In the second season of the investigation it was thought that 
additional information might be obtained if similar manures were 
applied to those plots that were manured in 1927. Accordingly, 
on the 6th of April, 1932, dressings of superphosphate, kainit and 
sulphate of ammonia were applied to the appropriate plots in 
equivalent quantities to those applied in 1927. The nitrogen was 
applied in small doses in the form of sulphate of ammonia, 
the sum of these making a total equivalent to 100 lb. of nitrogen 
per acre. 

The first sample in 1932 was taken on the 18th of June for 
the sampling was purposely delayed in order that sufficient 
material from the upland centres was available for chemical 
analysis. In the previous year it was found that while the system 
of sampling adopted suited the lowland centres admirably it was 
too short for the upland centres. At this date the lowland 
centres looked extremely well. The growth, however, was too 
mature to represent pasture, and but for its leafy appearance 
more closely resembled hay. 

On the uplands the growth, in spite of the delay in cutting, 
was disappointingly poor on the control plots. At Pensarn and 
Poel, rye grasses, cocksfoot and fescue were in flower, but at 
Lletty the inflorescences of these grasses were only just emerging 
while timothy was still mainly composed of leaf. At the latter 
centre where the conditions were the most severe cocksfoot and 
flne leaved red fescue had done fairly well, but rye grass and 
timothy even on those plots receiving a complete manure were 
poor. 

The difference in stage of maturity of the grasses on the 
lowland and upland centres at this date — ^the first date of 
sampling — ^had a considerable influence on the chemical composi- 
tion of one and the same grass. This is illustrated in Table VII, 
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where the composition of cocksfoot grown on the lowland and 
upland is given. 


TABLE VIL 


Centres, 

I^iirogen 

N. 

1 

Ash, 

Silica 
free a^h. 

Phosphoric 

Acid 

P.O, 

Lowland 

1.68 

6.56 

.5.H 

0.i3 

Upland 

1.80 

I 

1 

6.16 

5.22 

0.46 



Ijimjc 

Potash 

Chlorine 

Centres, 

CaO. 

Kfi, 

Cl. 

Lowland 

0.71 

2.06 

0.78 

Upland 

0.50 

1.68 

0.85 


The lowland and upland centres from which the above 
samples were taken were Frongoch and Foel respectively, Fron- 
goch being 400 feet and Foel 850 feet above sea level. The 
first point that strikes one on comparing the chemical composition 
of the two samples is their close similarity and this, to a large 
extent if not wholly, is to be accounted for by their difference in 
maturity. The growth on the lowland centres has passed its best 
and is showing general signs of deterioration, namely, a fall in 
nitrogen, phosphoric acid and potash and an increase in lime, 
whereas the growth on the upland centres is less mature with the 
result that they closely resemble each other in the majority of the 
oonstituents determined. 

The second sample was taken on the 15th of August, 1982, 
when the grasses and clover on all the lowland centres looked 
extremely well and had made excellent growth. On the upland 
centres fine leaved red fescue and cocksfoot were the only pro- 
ductive grasses and this applied only to the latter grass on the 
plots receiving a complete manurial dressing. The growth made 
by rye grass, timothy and clover at all the upland centres was 
very poor. 

It may now be definitely said that of the grasses made use of 
in this investigation, fine leaved red fescue and cocksfoot are the 
only two that appear to be suited to these upland conditions, and, 
AS already stated, it is only when the land has been previously 
manured that the latter grass makes satisfactory growth. 

The effect of the application of the manures applied on the 
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6th of April, 1982, on the mineral content of the grasses is shown 
in the case of fine leaved red fescue in Table VIII. 

TABLE VIII. 

Average percentage of nitrogen and mineral constituent in the dry 
matter of fine leaved red fescue grown on the control and manureo 
plots in seasons 1931 and 1932 on the lowland and upland centres. 
Crosswood (300 feet). 

Lowland Centre). 


Season 

and 

Plot, 

Nitrogen 

N, 

Ash. 

SiUca 
free ash. 

Phosphoric 

Acid 

P.0, 

Control 1981 

2.12 

8.61 

4.29 

0.61 

Manured 1981 

2.66 

10.46 

4.78 

0.74 

Control 1982 

1.96 

T.89 

4.81 


Manured 1982 

2.47 

8.59 

5.82 

0.75 


Season 

and 

Lime 

Potash 



Plot, 

CaO. 

K,0. 

Cl. 


Control 1981 

0.67 

2.00 

0.66 


Manured 1981 

0.77 

1.98 

0.67 


Control 1982 

0.68 

1.65 

0.49 


Manured 1982 

0.75 

2.01 

0.61 

i 


(Foel 850 feet). 
Upland Centre. 


Season 

and 

Plot, 

Nitrogen 

n: 

Ash. 

Silica 
free ash. 

Phosphoric 

Acid 

P.0, 

Control 1981 

2.48 

7.35 

4.88 

0.44 

Manured 1981 

2.58 

7.68 

4.48 

0.65 

Control 1982 

1.78 

6.11 

8.69 

0.44 

Manured 1982 

1.86 

6.78 

4.21 

0.76 

Season 





and 

Lime 

Potash 

Chlorine 


Plot, 

CaO. 

K,0. 

Cl. 


Control 1981 

0.59 

1.66 

0.89 


Manured 1981 

0.78 

1.68 

0.46 


Control 1982 

0.56 

1.68 

0.89 


Manured 1982 

0.78 

1.64 

0.66 



It should be remembered in any comparison made of the 
composition of grasses on the control and manured plots of the 
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lo'wland and uplands in 1981 that the manure was applied to these 
plots in 1927, and, as the Table shows, its effect is still to be seen 
on the lowland and uplands. 

An examination of the Table shows the effect of the manure 
applied in 1982 to be practically negligible on the lowlands, and 
on the uplands it only appears to have affected the phosphoric 
acid content of the herbage. The Table brings out one interesting 
point, namely, the close similarity in composition of the grass 
grown on the lowland and upland on those plots to which manure 
was applied in 1982. This confirms a statement previously made 
that where a grass is capable of making reasonable growth there 
is little difference in the mineral content of the same grass grown 
on the lowland and uplands when the latter areas are manured. 
When in addition, as in the case of the grass under consideration 
it is fairly adapted to high lying areas, then the difference between 
them to all intents and purposes disappears. 

The last sample of the season was taken on the 18th of 
October, 1932, when one of the most striking features in the 
appearance of the lowland centres was the poverty of the clover 
on all the control plots. It was hardly worth cutting at Nant- 
siriol, poor at Frongoch and had absolutely failed at Crosswoood. 
The grasses, however, especially on the completely manured plots 
looked well and the luxuriant growth of cocksfoot at Nantsiriol 
made the remainder of the drills look comparatively poor. 

On the upland centres fine leaved red fescue and cocksfoot 
were by far the most vigorous and the colour of the former grass 
was greener than any other. Timothy and rye grass at these 
altitudes were poor and the clover was extremely poor. At all 
upland centres at this date the greenest herbage was on the com- 
pletely manured plots where the herbage was mainly leaf. 

In the following Table the nitrogen and mineral content of 
Cocksfoot on the control and manured plots of a lowland and 
upland centre at this date are shown for comparison. 

It should be mentioned that at the date of sampling the Nant- 
siriol plots were among the best of the lowland centres while those 
of Foel may be taken to represent the average of the upland plots. 
When the phosphoric acid and lime content of the grass grown on 
the control and manured plots at the two centres are compared, it 
is seen that there is not that close similarity in composition found 
in fine leaved red fescue (See Table VIII) but that cocksfoot 
grown on the lowland is richer in both these constituents than 
that grown on the uplands. The reason for this is probably that 
already mentioned, namely, that fine leaved fescue is better suited 
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to these altitudes. However, the important fact is that the com- 
position of the cocksfoot grown on the uplands is much superior 


TABLE IX. 

Nantiiriol (50 feat). 
Lowland. 


Plot 

Nitrogen 

JV. 

Ash, 

Silica 
free ash. 

Pho$phoric 

Acid 

P,o, . 

Control 

P -f K + N 

2.07 

1.88 

9.40 

10.24 

5.82 

5.71 

0.84 

0.89 


PloU. 

lAme 

CaO. 

Potash 

Kfi. 

Chloride 

Cl 


Control 

P + K + N 

0.81 

0.95 

1.61 

1.76 

0.88 

1.20 



Fool (850 feet). 
Upland. 


Plots, 

Nitrogen 

JV. 

Ash. 

Silica 
free ash. 

Phosphoric 

Acid 

Control 

P + K + N 

1.83 

1.82 

7.71 

8.11 

5.42 

5.99 

0..‘)5 

0.66 


Plots, 

Lime 

CaO. 

Potash 

Kfi. 

Chloride 

Cl 


Control 

P + K + N 

0.66 

0.78 

1.54 

1.82 

0.77 

0.89 


to the natural herbage growing at these altitudes as wOl be seen 
•on comparing Table IX with Table 1 sample 4. 


Conclusions. 

In the present investigation it has to be remembered that the 
grasses were grown in drills and while this might be an advantage 
on the lowlands there is evidence for thinking that the grasses 
grown in this manner on the hills were exposed to more severe 
conditions than they would have been if grown in a compact 
pasture. 
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Of the grasses in the present investigation fine leaved red 
fescue and cocksfoot were the only two that made successful 
growth on the hill centres, and of these the former appeared 
better suited to these conditions. 

The fact that fescue and, to a lesser extent, cocksfoot grown 
on the manured plots of the uplands compared favourably in their 
nitrogen and mineral content with the same grasses grown on the 
corresponding lowland plots is of the greatest importance. It 
indicates that if suitable species and, moreover, suitable strains of 
those species are chosen these upland areas are capable of con- 
siderable improvement. 

Although timothy, rye grass and Montgomery red clover 
never made successful growth on the hills, where they did grow 
their nitrogen and mineral content was very definitely superior to 
that of the natural herbage of these altitudes. 

It is only on those areas of the uplands that have received 
a complete dressing of manures that the introduced grasses can 
compare in nitrogen and mineral content with the same grass 
grown on the lowlands, and even then their vield on the upland 
is much smaller than on the lowland. 

The effect of the manures, as would be expected, is more pro- 
nounced on the composition of the grasses grown on the uplands 
than of those grown on the lowlands, and the residual effect of 
the manures also appears to be more marked and pronounced on 
the uplands. 

Though no lime as such was applied to the plots the effect 
of superphosphate in increasing this constituent of the herbage 
both on the lowlands and uplands is quite definite, and its effect 
in this direction is greater on the uplands. 

It has to be remembered in reading the results obtained on 
the control plots that these plots served as controls in the previous 
investigation, and were consequently depleted of a considerable 
amount of plant food. For this reason they do not give a true 
picture of the state of fertility of the soils, but serve for purposes 
of comparison. 
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PART III. — The Recovery of Nitrogen in Swards under the Warmbold 

System. 

In a number of earlier contributions the effect of nitrogenous 
manures on the protein yield from herbage plants has been 
discussed. It has been shown that the increment of protein 
which a farmer can derive from his pasture for milk production 
or live weight increase as a result of applying the same weight of 
nitrogenous manures varies within wide limits. Some of the 
factors have already been considered which account for the fact 
that one field may give a large increase of nitrogen as a result of 
manuring, while another may only return a small increment (1), 
(2). In the present article it is proposed to review some new 
data obtained from a number of experimental plots at the College 
Farm, Nantcellan, Aberystwyth. These plots were formed by 
enclosing a small area in one of the paddocks of the Rotational 
Grazing Field. Previous to its enclosure this area like the 
remainder of the field had been periodically manured and 
rotationally grazed by the dairy herd and its followers. The 
actual system of manuring and grazing has been described in 
detail in a previous issue of the Journal (8). One reason for the 
significance of the plots under consideration is that the herbage 
had already been intensively grazed over a period of three years 
prior to their enclosure. 

In February, 1980, the enclosed area was divided into four 
1/80 acre plots. A, B, C, D. The plots were manured and cut 
at monthly intervals during season 1980, and the data for this 
particular season have already been dealt with (4). In 1980 the 
whole pl6t received nitrogenous manures. In 1981, each plot 
was halved, one half receiving no further nitrogenous manures, 
while the other half received two instalments during the year. 
Apart from this difference in nitrogenous manuring the two 
halves of each plot were identically treated being given the same 
basal dressing of phosphatic manure, and the whole plot cut on 
the same day. Cuttings were taken from the plots in weekly 
rotation so that the same plot was cut at monthly intervals. The 
plots differed amongst themselves in that they were cut at 
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different dates^ and the manures were not always applied at the 
same time. The total amount and the nature of the nitrogenous 
manures were, however, identical for all four plots. Table I 
indicates the yield of dry matter derived from the two portions 
of each plot during 1981 and 1982. 


TABLE 1. 

The Effect of Nitroffenoiie Manuring on the yield of Dry Matter from 
the Total Cuts of each Plot. (Yield in lb. per 1/160 acre). 


Bea- 

ton. 

Treatment, 

Plot A. 

Plot B. 

Plot C. 

Plot 1). 

Mean. 

1981 

No Nitrogen 

84.80 

33.71 

88.23 

88.88 

86.16 


Nitrogen 

Gain in Dry 
Matter Yield 

1 due to 
Nitrogenous 

42.78 

48.18 

43.00 

45.58 

48.62 


Manure 

1 

7.48 

9.47 

5.23 

7.15 

7.46 

1982 

No Nitrogen 

29.84 i 

25.25 

20.55 

21.41 

24.14 


Nitrogen 

Gain in Dry 
Matter Yield 
due to 
Nitrogenous 

85.28 

! 

34.67 

j 

29.62 

80.79 

82.64 


Manure 

5.94 

9.42 

9.27 

9.38 

8.50 


It is seen from the above Table that a considerably higher 
yield was obtained from both treated and untreated areas during 
1981 than 1982. This undoubtedly is largely due to the difference 
in climatic conditions between the two seasons, the rainfall during 
the period February-August, 1981, amounting to 24.64in., while 
over the same interval of time in 1982 it only amounted 
to 16.64in, On comparing those areas receiving nitrogenous 
manures with those control areas to which no nitrogen was 
applied, it will be seen that the diminution in yield as a result of 
the restricted water supply was less in the case of the nitrogen 
treated areas. Thus while the decrease in the dry matter yield 
from 1981 to 1982 in the control areas amounted to 88 per cent., 
the decrease in the case of the nitrogen treated areas amounted 
to 25 per oent. 

Associated with the diminution in yield of dry matter is an 
increase in the percentage dry matter of the herbage. This is 
hnmght out in Table II. 

Table n shows that the herbage during 1982 contained 
ccmsidcrahly mpre dry matter than that obtained during 1981. 
Furthet » it shows that the nitrogen treated herbage was generally 
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lower in dry matter content than the herbage from the control 
plots. 


TABLE li. 

CMng yield of green and dry fraet from the Plots durfaif 
1931 and 1932. 



im. 

No Nitrogen, Nitrogen ^ 

me. 

No Nitrogen. Nitrogen 

Plot A. 

Green Weight 

Dry Weight 
% Dry Matter 

186 

34.8 

18.25 

284 

42.78 

18.28 

127 

80.84 

28.89 

174 

85.28 

20.80 

Plot B. 

Green Weight 

Dry Weight 
% Dry Matter 

180 

88.81 

18.80 

244 

48.18 

17.70 

126 

25.25 

20.00 

198 

84.67 

16.00 

Plot C. 

Green Weight 

Dry Weight 
% Dry Matter 

204 

88.28 

18.74 

258 

48.00 

17.00 

96 

20.55 

21.40 

158 

29.00 

19.00 

Plot D. 

Green Weight 

Dry Weight 
% Dry Matter 

281 

89.88 

17.05 

286 

45.58 

15.90 

105 

21.41 

20.40 

‘ 157 

80.79 

19.60 


The nature and amount of the nitrogenous manures applied 
during the two seasons was the same, viz., lib. nitro chalk and 
lib. sulphate of ammonia per 1 / 160 acre. The nitro chalk was 
applied in both seasons during March. In 1081 the sulphate of 
ammonia was applied immediately after the 1st cut, t.e., it was 
applied between the beginning and middle of May. In 1982 the 
sulphate of ammonia was applied from the middle to the end of 
June. As a result of this a marked difference is evident in the 
way the increase in yield of dry matter is distributed over the 
two seasons. This is evident from Table III. 

During 1981 an increase of 1,008 lb. per acre out of a nett 
increase of 1,196 lb. was obtained before the end of June. In 
1982 on the other hand only an increase of 428 lb. was obtained 
during this part of the season out of a total season’s gain of 
1,287 lb. The table clearly shows the effect of nitro chalk on the 
dry matter yield of the first cut in both seasons. It also shows 
that the sulphate of ammonia applied from April 29 — ^May 19 
in 1981 had a marked effect on the yield of the second cut taken 
a month after this manure was applied. Owing to the later 
application of the sulphate of ammonia in 1982, there was no 
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increased yield of dry matter in the second cut from the nitrogen 
treated half of the plots. When applied between June 14 — 
June 28 the sulphate of ammonia produced an effect on the cuts 


TABLE III. 

Showing IncroMo in Dry Matter Yield at different stages of growing 
season due to Nitrogenous Manuring. 


Out. 

Time of Cutting. 

Lh. g 
Dry A 

ain in 
fatter. 

Lh gain per 

1 acre. 


1981. 

19 fie. 

1981. 

798^. 

1981. 

I 

1 19flg. 

1st 

Apr. 29 — May 19 

May 10 — ^Mav 31 

s.riH 

8.19 

I 

573 ! 

\ 

510 

2nd 

May 26 — June 17 

June 7 — ^June 28 

2.69 

—0.51 

480 i 

1 —82 

Srd 

June 2ii — July 16’ 

July (>— July 27 

0.66 

1.81 

106 

I 2<>4 

4th 

July 21 — Aug. 12 

Aug. 2 — Au|g. 24 

0.46 

3.13 

74 

501 

5th 

Aug. 18 — Sept. » 

Aug, 31 — Sept. 19 

—0.05 

.89 

—9 

14 

6th 

Sept. 22— Oct. 22 

— 

0.14 

— 

22 

— 



1 

! 

Net iu 

erease 

1 

1196 

1287 


immediately following, while its effectiveness was maintained in 
the fourth cut. 

Effect of Nitrogenous Manuring on the Chemical Composition of the 

Dry Matter. 

The effect of the nitrogenous manures on the mineral portion 
of the herbage in question was similar to that noted from the 
results of previous experiments, i.e., the concentration of the 
most important of these was somewhat diminished as a result of 
the nitrogen application (5). During 1932 a study was made of 
the effect of the manurial treatment not only on the total nitrogen 
of the pasture, but also on some of the different forms in which 
this nitrogen exists in the herbage. The percentage digestible 
nitrogen was also determined by means of the Stutzer method. 
The results are summarised in Table IV. 

The two moderate dressings of nitrogenous manures (i.e., 
160 lb. per acre nitro chalk followed by 160 lb. per acre sulphate 
of ammonia) have effected a small, but definite increase in the 
concentration of total nitrogen in the herbage. The increase in 
protein nitrogen, amino nitrogen and ammonia nitrogen does not 
fully account for this change in the total nitrogen concentration. 
This increase in total nitrogen must be mainly accounted for by 
the increase in the undetermined nitrogenous substances, which 
incline the nitrates of the pasture. These undetermined nitrogen 
eom^cuitodi gmount to 0.246 per cent» of the dry matter from the 
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control areas and .840 per cent, of the dry matter of the nitrogen 
treated areas. It is interesting to note in this connection that 
evidence has already been brought forward by other workers that 

TABLE IV. 

Effect of Manuring on the Nitrogenous Constituents of the Herbage 
(Constituents expressed as percentage of Dry Matter). 


Mannrinii. 

Plot 

A. 

riot n. . 

No 

Xitrogen. 

1 V 

1 Xitrngrn. 

No ! 

Xilroijcn. 

1 

Nitrogen. 

Total Nitrogen 

2.553 

2.789 

2.657 

2.744 

Protein Nitrogen 

2.124 

2.118 

2.189 

2.171 

Amino Nitrogen 

.149 

.1.56 

i .2(X) 

.168 

Ammonia Nitrogen 

Other Nitrogenous 

.(142 

.(148 

.080 

.077 


Constituents 1 .467 i .829 

Digestible Nitrogen l..)26 ! I.7R1 I 1.77s i 1.78K 

111 ! 



/'/of C. 

Plot D. 


No 

Nitrogen. 

NitriHjeii. 

:Vo 

Nitrogen. 

Nit rogen. 

Total Nitrogen 

2.680 

2.674 

2.. 589 

2.612 

Protein Nitrogen 

2.155 

2.281 

2.148 

2.07? 

Amino Nitrogen 

.161 

.151 

.155 

.166 

.\mmonia Nitrogen 

Other Nitrogenous 

.046 

i 

.048 

1 

.047 

1 

1 

.0.50 

i 

1 

Constituents 

.268 1 

.245 i 

.239 1 

.819 

Digestible Nitrogen . j 

1 

1.713 : 

1 

1.718 I 

i 

1.587 

1.636 


young pastures may under intensive treatment be so high in 
nitrate that a cow in full lactation might ingest 800 gms. 
potassium nitrate per day (6). 

Effect of Manuring on Yield of Protein Nitrogen. 

Table V indicates the crude protein derived from the 
nitrogen and no nitrogen areas over the two seasons. 

Previous reference has been made to the fact that owing to a 
lower rainfall less dry matter was obtained in 1982 than in 1981. 
For the same reason it is seen from Table V that the yield of 
protein in the control areas has diminished by 80 per cent, from 
season 1981 to 1982 while the yield in the nitrogen treated areas 
has been diminished by 22 per cent. 

The total amount of nitrogen applied as manure per 1/160 
acre during each season was equivalent to 2.281 lb. of jn/^tein. 
The average amount of protein recovered from this in theli^bage 
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amounted to 1.889 lb. during 1981 and 1.478 lb. during 1982. 
This is equivalent to a percentage recovery of 59 per cent, during 
1981 and 64 per cent, during 1932. 

The significance of the results detailed above is due to the 
fact that they have been obtained from a pasture previously 

TABLE V. 

Tlie Effect of Nitrogenous Manuring on the Protein Yield from the 
Total Cuts of each Plot. (Yield in Ih. per 1/160 acre). 


Seaton, 

Treatment. 

mot A, 

- 

Plot B. 



Plot a. 

Plot /). 

Mean. 

19S1 .... 

No nitrogen . .. 



5.473 

5.. 527 

5.202 


Nitrogen 

Increase in Protein 

e.mt) 


3.3.58 

3.8.31 

3..541 


Yield due to Nitro(g- 
enoiis Manure 

i.:w7 

1.438 

1.182 

1.307 

1 

1 .339 

19S2 .. 

No nitrogen .... 

4.435 

3.8.59 

3.053 

1 

3.284 

3.3.58 


Nitrogen 

Inerease in Protein 

.5.824 

! .5.. 539 

1 

1.345 

1 4.513 

5.131 

i 

Yield due to Nitrog- 
eous Manure 

1 

i 

1 

1.380 

1 

1.592 

1.252 

1.4.58 


treated with nitrogenous manures, and intensively grazed over 
a period of three years. 

When nitrogenous manures are first applied to a soil they 
encourage microbiological changes which render available to the 
plant larger supplies of reserve nitrogen than would otherwise be 
the case. The increased nitrogen in the plant is, therefore, 
derived from this reserve capital of soil nitrogen as well as from 
the nitrogen directly supplied in the manure. It has been 
previously shown that the increased contribution to plant protein 
made by this reserve soil nitrogen on conversion from the organic 
to the inorganic form is an important one (2). It does not 
follow, therefore, that no loss of nitrogen has actually occurred 
if as much nitrogen happens to be recovered in the herbage as 
was supplied in the manure. Such a loss may in fact have taken 
place, although it may not be apparent owing to the enhanced 
contribution of the soil nitrogren towards the formation of plant 
protein. 

•^'he possibility has to be kept in mind, if repeated doses of 
nitrof^ nous manures are applied one season after another, that 
the effect of such manures in transforming soil organic nitrogen 
to the/ ipprganic form may be less with the progress of time. 
Such H Condition is more likely to arise where large quantities of 
nitrogen are annually removed in the form of milk and live weight 
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increase under an intensive system of grazing. The pertinent 
question which, therefore, presents itself is — what response can 
be expected from nitrogenous manures in the case of those swards 
which have been previously supplied liV)erally with nitrogen over 
a number of years, and where all other conditions have been such 
as to maintain the pasture at a high level of productivity over 
that period. The data supplied from the experimental plots at 
the College Farm, Aberystwyth, indicate that under the rainfall 
conditions prevailing during 1981 and 1982 the loss of nitrogen 
from soluble nitrogenous manures applied to intensively treate<I 
pastures amounted to an average of 88.5 per cent. 
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THE EFFECT OF CONTEOI.T.ED GRAZING 
AND MANURING ON NATURAI, HILI. 
PASTURES. 

By W. E. J. Milton, N.D.A., 

Welsh Plant Breedinfr Station, Aberystwyth. 


The investigations conducted by the Station on the improve- 
ment of natural hill pastures have entailed experimentation on 
methods of technique whereby results consequent upon treatment 
could be measured. Earlier investigations on the subjechj(l, 2, 8) 
have shown that considerable information can be derived from 
fenced areas in which plots of the natural pastures objected 
to periodic defoliation with shears and manured wftu krtificial 
fertilizers, 
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It was realized, however, that au experiment on similar lines 
to the previous ones, but using sheep as the defoliators, would 
provide additional information not only in regard to hill improve- 
ment itself but in regard to comparisons of technique whereby 
such problems can be investigated. Accordingly, such an experi- 
ment was begun in the year 1980, and is here reported upon. 

Material and Methods. 

The experiment (E. 117) was laid down at two hill farms in 
North Cardiganshire and the swards investigated were : — 

1. An open-hill Festuca-Agrostis pasture. 

2. An open-hill Moiinia pasture. . 

8. An enclosed hill Fcstuca-Agrosti^ pasture. 

The first two pastures were at an exposed situation of 900 
ft. elevation, the soils being a dry peat and a peat respectively. 
The former pasture will be referred to as Llety-Eesfwco and the 
latter as Llety-Molinia. The enclosed hill pasture was at an eleva- 
tion of 850 ft., but was situated in a much more sheltered position 
and on a light loam soil. This centre will l^e referred to ai 
Bwlcbrosser. 

The trial consisted of five fenced 1/ 100th acre plots at each 
centre. These plots were treated as follows : — 

(1) Lime was applied at the rate of 2 tons per acre of calcium 
carbonate. 

(2) Superphosphate was applied at the rate of 4 cwt. per acre. 

(8) Superphosphate was applied as above, with the addition 

of kainit and sulphate of ammonia at 4 cwt. and 1 cwt. per acre 
respectively. 

(41 As Plot 8, but with the addition of lime at the above rate. 

(5) A control plot^ grazed but receiving no manures. 

These plots will referred to as Ca, P, PKN and CaPKN. 
In 1981 additional completely manured and control plots were 
added to each of the Llety centres to obtain hay and aftermath 
data. 

The initial application of manures was made in the spring 
of 1980. The plots subsequently received each spring super- 
phosphate, kainit and sulphate of ammonia in similar quanti- 
ties to the above. In addition, sulphate of ammonia at J cwt. 
per acre was applied to the PKN and CaPKN plots after each 
monthly grazing. This scheme of manuring was also carried out 
on an unfenced area at each centre. The data derived from 
these unfenced plots have already been reported upon (4) : the 
present paper will deal in detail with the fenced plots only. 
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The plots were subjected to a system of monthly grazing, the 
cuiumencing date for each year being around the first of May. 
Six grazings were made per season. The procedure adopted be- 
fore each grazing was to analyse the herbage according to the 
percentage productivity estimation method, then to cut ten ran- 
dom samples of the herbage for dry weight, using an iron mesh 
having an inside measurement of one square foot. Welsh 
mountain sheep which had been brought to the plots in ^ the 
Station lorry were placed on the plots and allowed to graze for 
two or three days. As the centres were at a distance from the 
Station the number of sheep required to consume the herbage of 
each plot had to be estimated beforehand. A further set of ten 
samples per plot were taken at the completion of the grazing. 
The pooled weight of these post-grazing samples was subtracted 
from the pooled weight of the subsequent pre-grazing samples for 
the respective plots (taken a month later) in order to obtain the 
net growth made during the month. 

The method of analysis has been described by Stapledon and 
Thomas (1) and also by Davies and Jones (2). 

Results. 

Pasture : (a) Total Yields. 

The total yields of edible herbage have been recorded over a 

TABLE I. 

Annual yields of herbage, exclusive of moss and inert matter, in cwt. 
( - 100 lb.) of air-dry fodder per acre for the first three years of the trial. 





Year. 


Average 

Yield. 

Centre. 

Plot. 

19S0. 

1931. 

mi*. 

Llety* 






Fentuea 

(aPKN 


.58.0 

27.2 

82.1 


FKN 

ni ,0 

89.0 

28.4 

82.8 


Ca 


28.0 

24.9 

25.4 


P 

28.7 

27.5 

87.9 

81.4 


Control 

1.5.4- 

19.9 

25.7 

20.8 

Bwlch- 






rofiser .... 

CaPKN 

24.9 

85.B 

44.2 

85.0 


PKN 

26.9 

49.4 

42.4 

89.2 


Ca 

20.8 

29.5 

22.1 

24.0 


P 

16.7 

28.7 

81.4 

25.6 


Control 

15.0 

22.5 1 

25.0 

20.8 

T.lety- 






Afnltma 

CaPKN 

22.1 

84.9 

'20.1 

25.7 


PKN 

22.0 

82.1 

21.7 

25.8 


Ca 

12.0 

14.2 

9.1 

11.8 


P 

18.0 

18.5 

17.5 

16.8 


Control 

18.2 

8.7 

7.8 

9.9 



Controlled Grazing and Manuring^ 


199 


period of a complete year. These are shown in Table I (page 
198) for the first three years of the trial. The yields for the fourth 
year (1988) were not complete owing to an end of April sampling 
for 1984 not being available. 

The data show the marked increase in yield of the completely 
manured plots in comparison with the control plots. The CaPKN 
and PKN treatments have given practically similar yields at the 
two Llety centres, while those at Bwlchrosser were very similar 
for 1980 and 1932. The P plots gave, on the whole, larger yields 
than either the Ca or the control plots. This is particularly 
marked for 1982, which fact tends to indicate that manuring with 
superphosphate was having an accumulative effect. Ca had a 
decided influence upon the yield, the average yields for the three 
years being much superior to those for the control. Calcium 
alone, however, has proved more effective iji increasing the yield 
on the two fescue swards than on the MoLinia sward. It is evident 
that the controlled grazing had a beneficial effect upon the un- 
manured plots at Llety-Fc sfuca and Bwlchrosser. At Llety- 
Molinia^ on the other hand, the annual yields of this plot became 
progressively poorer. The average annual yields for each treat- 
ment at the Llety-Moh’nia centre were smaller than the respective 
yields at the fescue-bent centres. 

(b) Winter and early spring growth. 

The value of edible herbage during the winter and early 
spring periods can hardly be exaggerated, and this factor has been 
investigated at the Station in connection with the work on hill 
pasture improvement. 


TABLE If. 

Winter yields of herbage, exclusive of moss and inert matter, in cwt, 
(==100 lb.) of air^ry fodder per acre. Average figures for three 

winters. 





Plot. 



Centre. 

CaPK^. 

PKN. 

Ca. 

P. 

Confrof. 

Llety- 

Feitucm 

- ■■ 

5.2 

4.6 

8.5 

3.0 

2.6 

Bwlch- 


1 


1 

1.5 

roRser, 

4.5 

4.5 

8.7 

8.7 

Llety - 


1 

1.6 

! 

2.5 

1 

1 0.9 

! 

Molinia 

2.8 

2.2 


In the present paper, the yields for the winter period, 
October to April inclusive, are given in Table II. 
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The data show the marked superiority of all the treated plots 
ill comparison with the unmanured. The two completely 
manured plots have exceeded Ca and P on the fescue-bent swards, 
but they have not given larger yields than P at the Molinia centre. 
It is interesting to find that for this winter period calcium alone 
was more effective on the fescue-bent swards than on the Molinia, 
as was also the case for the total annual yields. The small yield 
of the unmanured plot at the Molinia centre, compared with the 
unmanured plots at the other centres, illustrates the natural 
poverty of these Molinia pastures during this period. The data 
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as a whole clearly indicate that the use of fertilizers with con- 
trolled grazing enables the yields of these natural pastures to hv 
considerably increased at a critical period. 

(c) ScasunuL Yield. 

The distribution of the yields for the completely manured and 
control plots over the ])criod May to September are given in Table 
III (page 200). 

The data indicate that during the first year the mid-seasonal 
yields of the control plots were not as well distributed as the yields 
of the completely manured plots. By the fourth year, however, 
the two classes of plots had become more similar in this respect. 
The marked difference in the figures for August and September 
at the Molinia centre is interesting. It will presently be shown 
that before 1988 the Molitnn herbage had changed to a fescue-bent 
herbage. This change in botanical composition has entirely 
altered the distribution of the yield, consequently, both the 
manured and the control plots resemble the fescue-bent centres 
for the fourth year data in regard to August and September 
productivity. This difference in the seasonal productivity at the 
Molinia centre as between the first and the fourth year of the 
trial is again shown in the .Tune figures. The “ peak ” growth of 
Molinia caused the high jiercentage in yield at that i)criod in 
1980 . 

(d) Contribution of the Species to the Yield. 

The analyses made on the herbage before the monthly 
grazings have provided data on the contribution of the individual 
species to the yield. These data, for the first and last years of 
the trial, have been averaged for the two fescue-bent centres and 
are given in Table IV, while the corresponding data for the 
Molinia centre are presented in Table V. For the purpose of 
these particulars the winter f)eriod 1932-38 has beefi taken in 
order to complete the final year. 

Considering Table IV first, it will be seen that fine-leaved 
fescue (Festuca ovina L. and F. rubra L.) and bent (Agrosfis 
species) are the chief contributors to the yield. The main 
difference in botanical composition between Llety-Festwca and 
Bwlchrosser was that the herbage at the latter centre contained 
small amounts of wild white clover (Trifolium repens L.) and 
Lotus comiculatus L., whereas the herbage at the former centre 
contained no legumes. 

The chief point disclosed by the data is that by 1938 in the 
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CaPKN, PKN and P plots, bent has largely replaced fescue, and 
bent has almost equalled the yields of fescue on the Ca 
and control plots. That this botanical change occurred on 
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the unmanured plots is particularly interesting, for the con- 
clusion to be drawn is that the effect of controlled grazing was in 
,a large measure the responsible factor. The application of 
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fertilizers, particularly iu a complete form, evidently had an 
enhancing effect u})on this change in the botanical composition of 
the pastures. 

The actual yields of miscellaneous species have slightly 
decreased by the fourth year under three of the treatments, but 
they have materially increased for the Ca and control plots. 
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A comparison of the total yields shows the greater pro- 
ductivity of all plots by the fourth year, particularly of the com- 
pletely manured plots. 

If the data in Table V (page 20B) are examined, it will be 
observed that the composition of the herbage had changed con- 
siderably over the period of the trial, particularly in the CaPKN 
and PKN plots. The Molinia itself (Molinia cacrulca Moench) 
had largely died out under the influence of the treatment and its 
place had been taken by fescue and bent. The yields of fescue 
and bent at this centre are of great interest, for bent had not only 
surpassed fescue by the fourth year, but it had done so in precisely 
the same plots as at the other centres, namely, CaPKN, PKN 
and P. 

Other changes are that Nardus atrictu L. has decreased in 
all plots except the unmanured, and that the change over from a 
Molinia to a fescue- bent pasture has resulted in much less “bum*’ 
in the herbage. This is reflected in the marked decrease in the 
figures for inert matter for the fourth year. 

In order to show the behaviour of the dominant species in the 
second and third years of the trial, the percentage contribution 
of bent to the herbage of the Llety-Ffstwca and Bwlchrosser 
centres, and of bent plus fine-leaved fescue to the herbage of 
lAety-MoLinia is given in Table VI for the July growth of each 

TABLE VI. 

Percentage contribution for tke July growth of each year of Agrostit epp. 
to the herbage of Llety-Festuca and Bwlchrosser, smd of Agrostis spp. 
plus fine-leaved fescue to Llety-Molinia. 


Year. 


Centre. 

Plot 

1950. 

1931. 

19St. 

1955, 

A verage of 

CaPKN 

1 

i 

i 4r> , 

1.;; i 

59 

Llety- 

PKN 



:)i ' 

65 

Pettuca and 

Ca 

26 


••H. 1 

40 

Bwlchrosser 

P 

24 

i 37 1 

12 1 

46 

1 

Control 

27 

1 ! 

i j 

40 

1 

1 

1 Attiy-MoUnia 

CaPKN 

2,> 

1 90 

9n i 

1 

99 


PKN 

14 

1 B5 1 

92 1 

95 


Ca 

8 

! 36 1 

79 ! 

88 


P 

11 i 

! 58 1 

79 i 

75 


1 Control 

7 

1 29 i 

1 

56 1 

! 

76 


year. The proportion of bent to fescue was fairly constant 
throughout the monthly grazings, so that the mid-season growth 
of July gives a fair comparison. 

The data from the fescue-bent centres show the consistent 
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increase of bent over fescue throughout the years. This 
increase was more pronounced in the CaPKN and PKN plots, 
particularly by the third and fourth years. The most striking 
fact which the figures disclose is the great decrease of Molinia and 
consequent increase of bent and fescue at the Molinia centre. In 
the completely manured plots this change in the botanical com- 
position was practically completed after one season’s treatment. 

The control plot retained Molinia herbage to a greater degree 
than any of the other plots, while, on the other hand, the facility 
with which the change was made on the Ca plot is worthy of note. 

The Stocking of the Plots. 

A record was kept of the number of sheep required to con- 
sume the herbage of each plot throughout the period of the trial. 
These data expressed in sheep days and in number of sheep per 
acre per year, are given in Table VII. 

TABLE VII. 

:StocKing required to consume the herbage expressed as sheep-days per 
acre per year, and (in brackets) sheep per acre per year. Average 
figures for four years. 



1 

1 


Plots. 



Centre, 

' CaPKN. 

PKN, 

Co, 

I 

P. 

1 

Control. 

Mety- 

Fentuea 

i 2680 

1 

27S0 

1 

! 1750 

1800 

1450 


(T.4) 

(7.5) 

1 (4.8) 

(4 9) 

(4.0) 

Bwlch- 

fotser 

2800 

.‘)000 

i 

! 1650 

i 1650 

1450 


(7.r) 

(fi.3) 

(4.5) 

I (4.5) 

1 

(4.0) 

TJety- 

Molinta 

2750 

2800 

1 

i 1450 

• 1500 

1880 


(7.6) 

(7.7) 

; (4.0) 

(4.1) 

(8.7) 


When considering these figures it is to be clearly understood 
that they have no relation to the natural stock-carrying capacity 
of the grazing land in question, but that sheep, to the number 
shown, were required to consume the herbage on the plots. For 
instance, the area at Llety-Fesfuca on which the plots are situated 
is 800 acres in extent, and 600 ewes with their lambs graze there 
during the season. The number of sheep carried on the un- 
manured plots of the trial was almost double this stocking. The 
figures, therefore, should be regarded as being of value in com- 
paring plot with plot within the experiment, and not as an 
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indication of what could be done in practice if these treatments 
were carried out on a large scale. 

The data show that much heavier stocking was required on 
the completely manured plots as compared with the other treat* 
ments, and also that the Ca, P and control plots at the two 
fescue-bent centres carried more sheep than the cofresponding 
plots at the Molinia centres. 

Hay with Aftermath. 

As previously mentioned, additional completely manured 
and unmanured plots were added to the JAety -Festuca and Llety- 
Molivia centres in 1981 from which hay and aftermath yields were 
taken. These data are given in Table VIII. 

It will be observed that the sum yields of hay and aftermath 
increased markedly in 1982 and 1988 compared with the first year 
for both plots at each centre. The yields at the fescue-bent centre 
exceeded the corresponding yields at the Molwin centre. In 
regard to the individual species, fescue and bent at the Llety- 
Festvca centre were approximately equal in the first year, but in 
the manured plot bent greatly exceeded fescue in the subsequent 
years. In the unmanured plot, on the other hand, bent only 
slightly exceeded fescue by the third year. 

At the Molinia centre the yields of that grass progressively 
increased over the years of the trial on the manured and the un- 
manured plots. In the former plot, however, fescue far exceeded 
Molinia in the second year, while bent almost equalled it. The 
relative proportions were still greater by the third year. Unlike 
the behaviour of fescue and bent at the lAety-Festuca centre, 
the yields of bent did not exceed those of fescue. In 
the unmanured plot, in contra-distinction to its behaviour 
on the pasture plot, Molinia maintained its position as 
dominant contributor to the yields throughout the period of the 
trial. Bent scarcely gave any increase in yield, but Nardus 
gave greater yields in both plots. 

Disevtaien. 

When the data from the pasture section are contrasted with 
those from the hay and aftermath section of the trial several 
facts appear which illustrate the striking effect of management 
upon the natural swards. 

It is not possible to compare the total produce obtained by 
the two methods of management, as these were begun on diferent 
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The yields of the Llety-Festwca centre exceeded the corres- 
ponding yields of the Molinia centre under both methods of 
maiiageinent, but whereas the pasture yields were relatively high 
in the first year compared with the subsequent years, the hay 
with aftermath yields greatly increased from the first to the third 
year. 

Another point of similarity is that at the Llety-Festuca 
centre bent increased to a great extent compared with fescue, 
particularly on the CaPKN plot. On the other hand, whereas 
bent exceeded fescue on the CaPKN plot of the Molinia centre 
under pasture, such was not the case under hay conditions. 
Moreover on the pasture and hay control plots of the same 
centre bent gave an appreciably increased yield under pasture, 
but under hay with aftermath it gave practically no increase 
in three years of treatment. The actual yields of Molinia 
decreased in the pasture plots from year to year, but under hay 
they increased with the one exception of the control yield for 
1982. In this control plot the Molinia remained the highest con- 
tributor to the total yield throughout the trial. Nardus 
decreased in yield in all the treated plots under pasture, but 
increased in the two plots under hay and aftermath. 

It is apparent, therefore, that from the point of view of 
quality of herbage, pasture conditions are more favourable than 
hay conditions where a Molinia sward is concerned. This is the 
case in particular when the herbage is un manured, for then 
pasture conditions are necessary to effect the desired change in 
the botanical composition. The superiority of a fescue-bent 
sward as compared to a Molinia sward has been fully discussed 
in the earlier investigations. Even when a Molinia sward 
is completely manured, however, pasturing is necessary to 
enable the bent to become dominant over the Molinia itself 
and the fine-leaved fescue. That the ascendancy of bent over 
fescue is a desirable change in the botanical composition of hill 
pastures is made evident by the data obtained from this trial, lor 
bent has made a greater response to the methods of improvement 
than has fescue. Moreover, of the two grasses, bent is somewhat 
more palatable to stock, as has been shown by the writer in a pre- 
vious report (5). 

In an earlier investigation referred to above, Stapledon anfl 
Thomas (1) point out that the results they ob^tained by the use 
of shears would not necessarily be the same had the grazing 
animal been used. In the statement below the yields of ediUe 
herbage in cwt. ( ~ 100 lb.) per acre of air-dry fodder obtldned 
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by these investigators from the Llety-Festuca centre, also those 
obtained by Davies and Jones (2), together with the yields from 
the present work are shown : - - 


Hofcrencv I Reference ! Present 
(1) {2) work. 


CaPKN 



34.6 

PKN 

il.7 

— 

35.0 

Ca 

— 

20.:j 

' 25.7 

P 


13.4. 

28.1 

C'ontrol 

9.0 1 

11.2 

17.7 


1 Avora^re 


Avera<^e 


1 of seasons 


of seasons 


1927 and 

.Soasoii 

1930 an<i 


, 1928. 

1929. 

1931. 


When comparisons are made between the treatments within 
the separate trials it is seen that the results obtained by the use 
of sheep in the })rese‘nt work differ to a marked extent in some 
respects from the results of the two previous ex|>eriments. 

The chief difference is that there is not nearly such a wide 
margin between the yields of the CaPKN and PKN plots on the 
one hand, and those of the Ca, P and unmanured plots on the 
other hand when sheep are used as when the herbage is cut with 
shears. The effect of the grazing animal is particularly marked 
in the control (unmanured) plot. 

A second difference is that under sheep phosphate alone has 
proved more effective in increasing the yield than has calcium 
alone, but with cutting the opposite was the case. Calcium, 
however, greatly increased the yield under both methods of 
defoliation. It has been shown, moreover, that calcium affects 
the grazing in a direct way and not only through the medium of 
botanical change (4). 

In all the investigations the effect of pasture treatment, 
whether by cutting or grazing, upon a Molimn sward has resulted 
in the Molinia dying out to a large extent and the initially small 
quantities of fescue and bent increasing and taking its place. 
There is, however, a difference in the degree to which this occurs. 
Under the cutting system the change was rapid and com- 
plete" in the CaPKN plot, but in the unmanured plot, although the 
Molinia was reduced, there was little replacement by fescue and 
bent. Under sheep, on the other hand, these two species in- 
creased in the unmanured plot, although not as rapidly in the 
early years as on the other plots, 

Q 
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In regard to this same question of botanical change on a 
MoUnia pasture, Jones (3) working with two nitrogenous 
fertilizers found that nitro-chalk gave an increased yield in the 
second year of the trial and changed the sward into one of bent, 
while sulphate of ammonia gave a decrease in yield in the second 
year and made little change in the flora. It is interesting to note 
in this connection that in the present trial when sulphate of am- 
monia was supplemented by superphosphate, kainit and again by 
lime the composition of the herbage was changed whether grazed 
or cut for hay and aftermath. 

Summary. 

An investigation into the improvement of three hill pasture 
types has been made by means of controlled grazing and the 
application of fertilizers. 

Grazing alone benefited the unmanvired plots of the fescue- 
bent swards but depleted the unm.nnured plot of the Mnlinin 
sward. 

Complete manuring gave the greatest increase in yield. The 
addition of calcium to nitrogen, phosphates and potash did not 
influence the yield, but phosphates and calcium applied singly 
had a marked effect upon yield. The increase in yield following 
the application of calcium was greater on the fescue-bent swards 
than on the Molinia sward. 

The data showed that the yield of the pastures investigated 
oould be considerably increased during the winter and early 
spring, and the natural poverty of a Mollnin pasture at that 
period has been illustrated. 

Complete manuring brought about a more uniform distribu- 
tion of the yield over the season, particularly on the Molinia 
pasture. 

The experimental treatment resulted in certain changes in 
the botanical composition of the swards. On the fescue-bent 
swards, fescue was largely replaced by bent and the data showed 
that the grazing factor was the one chiefly responsible. The 
fertilizers had an enhancing effect upon this change. On the 
Molinia sward the Molinia was greatly depressed in yield and its 
place taken by bent and to a lesser extent by fescue. 

The completely manured plots of the three pastures carried 
approximately the same number of sheep, but the calcium, 
phosphate and unmanured plots of the fescue-bent pastures 
carried more sheep than these plots on the Molinia pasture. 

Comparisons between pasture data and hay with aftermath 
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data showed that pasture conditions surpassed hay conditions in 
promoting quality of herbage at the Molinia centre. 

Reference to previous work on hill improvement showed that 
defoliating the herbage by the natural method of sheep grazing 
has had the effect of rendering the yields of the calcium, phos- 
phate and unmanured plots more akin to the yields of the plots 
having complete fertilizing. The influence of the sheep also 
caused the change from a Molinia pasture into a fescue-bent 
pasture to be more marked in the unmanure<] plot. 
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TTIIAT.S WITH STRAINS OF COCKSFOOT 
AND OBSERVATIONS ON THF POI JCV OF 
THE STATION IN B FIXATION TO THFTB 
DTSTBTBT^TTON AND TTSE. 

By R. G. STAPtEDON, C.B.E., M.A., 

Wolsli Plant Brcpdinc Station. Aberystwyth. 


The breeding work with cocksfoot (Dactylh slovierntn L.) 
has now advanced a considerable way. Five main types of 
strains bred at the Station have been subjected to sward testa, 
These ve ; — 
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(1) Pasture-hay type as exemplified by S,20 ( ~ Be 1168). 

This strain is now available on a commercial scale and 
affords an excellent example of a good indigenous cocksfoot. 
The plants are profusely tillering, very leafy and moderately high. 
As spaced individuals they are larger and less spreading than 
typical pasture plants and not as erect or as well leafed-up as 
typical hay plants. 

(2) The Leicestershire pasture type. 

The plants are more profusely tillering than in any other 
type ; the leaves are decidedly narrow and the inflorescences and 
seeds relatively small. The individual plants are particularly 
dense. 

(8) Hrnad-leavt’d spreading pasture. 

A number of strains conforming to this type are under trial. 
The plants are dense growing and spreading with broad leaves 
and large seeded panicles. Evidence has shown that broad leaves 
are more palatable than narrow leaves and that large seeds gi^^c 
rise to established seedlings on a more generous scale than do small 
seeds. If these strains prove to be persistent, all the Indications 
are that it is from amongst their representatives include<i in our 
breeding material that we shall select the most valuable pasture 
strain for ultimate distribution. 

(4) Pasture-tussock type. 

The representative strains of this type have not the 
exaggerated characteristics of either the “ Leicestershire ” or the 
broad leaved spreading pasture.” The plants are large with 
fairly broad leaves. As spaced individuals they form consider- 
able sized tussocks. The panicles are intermediate in size and the 
seeds comparatively large. 

(.5) Dense hay type. 

A definite objection to all the pasture and quasi-pastme types 
is the fact that they start growth appreciably later in the spring 
than the ordinary Danish commercial. In recent years endeavour 
has therefore been made to breed a hay type giving dense and 
leafy plants which are yet erect and tall and make earlier spring 
growth than the stemmy and lax Danish plants. 

Trials have been conducted over a period of upwards of ten 
years with the pasture-hay type (S.26 and closely related strains). 
The other strains have only been brought into field trials during 
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the j)ast three years. Results of numerous trials with the pasture- 
hay strain in comparison with ordinary Danish and New Zealand 
strains have been reported upon.' We shall here give results from 
more recent trials with these three strains, and then bring under 
review the trials so far conducted with the complete series of 
strains. The chief characteristic with which we have been con- 
cerned is persistency, and it is with this important property that 
for the most part we shall here deal. 


Pasturn-haif strain coinparvd to Danish and (or) Nnr Zealand 
cocksfo(d. Pvrc pints. 

The results given in Table 1 w^ere obtained on pure plots at 
a number of different centres and show the relative persistency 
of the strains at the end of the third, fourth and sixth harvest 
years. 

TABLE I. 

To show the number of tillers of cocksfoot per 2^ sq. ft. on pure plots 
sown at a number of different centres. 


' 

no., Cfintrc 




Danish as 

and apfo'ojuittafr 



No. o/ 

100 . 

hric/hi n’tore xva 

lltirrvst 

Strain (»/ 

tillers per 

RcloUep 

lercl. 

ih'ar. 

' ■ 

cocUnfoot, 

sq. ft. 

per cent. 






K. 1. Spring 


Be '2 1 pasture- 



I'ii’ld : .'!«)(> ft. 

fitli 

hav ... 

204 

658 



n.'uiisli ; 

31 

100 

K. 111. Foel: 


Be 1163 Pasture 



H(K) ft. 

.Snl 

hay .. 

sai 

834 



Danish 

160 

100 

K. TTl. F<»rl: 


! Br 1163 Pasture 

i 


«no ft. 

tth 

i hay . . 

470 

389 



1 Danish 

PJl 

100 

t'.. 7.*}. II. Nniit 


B<* 1163 l^asturC' 



siriol : 10 ft. 

itb 

i hay . .... ; 

262 

391 



Danish 

67 1 

100 

R. ;17. IT. Foel: i 


Be 1163 Pasture- 

i 


800 ft. 

nil 

hay .... 

162 ; 

958 



Danish 

17 ^ 

100 

K. .IT. II. Ppm- ! 


I Br 1I67> Pasture • 

1 


sarn : 700 ft . ; 

4th i 

hay .... 

187 ! 

2077 

1 


Danish .. . : 

9 

100 

_ 1 

! 

_ . . - ‘ 


— 


The figures show that in all cases the persistency of the 
pedigree pasture-hay strains has been vastly superior to that of 
the ordinary Danish commercial. Fourth harvest year results are 
available for lowland (Nantsiriol) and upland (Foel and Pensarn) 
centres. Taking the data as a whole it is evident that at the more 
exacting centres the pasture-hay strain has shown to even better 


1 See for example (1), And (3). 
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advantage com])arecl to Danish than at the lowland centres. A 
comparison of the results given in the third and fourth harvest 
yc'ars at one and the same centre, and in the same experiment 
(K.TcJ Hi), indicates that the tiller population falls of! in all strains 
as the years advance, but that the pasture-hay strain maintains 
its position very much better than the ordinary Danish cocksfoot. 
It should be pointed out that in the case of all the experiments 
the ])lots were grazed after the first harvest year, and under these 
conditions, even on the lowlands, the Danish cocksfoot has 
dwindled to very small proportions by the fourth harvest year 
(Nantsiriol) and to even smaller proportions by the sixth harvest 
year (Spring Field). The pasture-hay strain, although relative 
to Danish remaining wonderfully persistent on the uplands, does 
not, however, maintain itself as well under upland as under low- 
land conditions. 

/n simple mi^xtures. 

An experiment (E.Cil VIT) was put down an Pcnwenallt 
(lowlands) in 192.5. Four strains of cocksfoot were sown in 
separate plots as components of a simple mixture ^ otherwise 
similar. The strains employed were Danish, pasture-hay (Be 
1168) and two indigenous strains obtained commercially both of 
which were of the pasture-hay type. Tiller counts were made in 
the fourth harvest year and the results for the st rains of cocksfoot 
arc shown in Table II. 

TABLE II. 

To show the number of tillers per 2} sq. ft. for four strains of cocksfoot 
in the fourth harvest year when sown in simple mixtures. 



St mi V. 

' .Vo. of 

fifIrrH. i 

RrlaLirr. 

f)anisli 


; liL> 

100 

P.astiiro-liay : 

< oniiiiercial (a) 

•ifiO 


Past urc-1 lay : 

(•(uniuercial (h) 



Pasture-hay : 

Be 116.^ 

... 1 «27 

280 


Here the results are in the same direction as those given by 
pure ])lots. The advantage is wholly with the pasture-hay strains 
in comparison with the Danish. It is of interest to note that one 
of the commercially obtained pasture-hay strains was very 
decidedly superior to the other and that Be n68 proved itself 
the most persistent of the strains under test, 

An experiment (E. 122) concerned with different intensities 
of grazing prior to putting-up for hay was laid down at Foci 
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(8U0 ft, above sea level) in 1930. This important experiment will 
be reported upon in detail elsewhere; the generalized evidence 
relative to cocksfoot may, however, usefully 1)0 considered in the 
j)reserit connection. 

Hay was taken in the iirst and again in the second harvest 
year, and in the third harvest year the plots were grazed. The 
second and third har\ est year results arc of chief interest and it 
is only these that we shall consider. 

The basal seeds mixture em})loyed consisted (in lb. per acre) 
of Italian rye-grass t ; cocksfoot 10 ; crested dogstail 0 ; red fescue 
10; Montgomery red clover s, and wild white clover 2. In one 
series of plots the cocksfoot was Daidsh, in the second series New 
Zealand, and in a third series pasture-hay (Be 1168). Each 
series was rejjlicated live times. 

The most instructive data for the second harvest year (hay) 
are set. out in Table III. 


TABLE III. 

Second harvest year hay data in reaped of the behaviour of throe straint 
of cocksfoot when included in simple mixtures. 


Strain oj 
corksjoot. 


I'astii rc-lia\ 
Danish 
N’ow Zealand 






Percentage 


( 'ock^foot . 


proilucti 

rfhj of 

Percentage 

C5 


c 

prod act i city. 

V C- 

• 

It tm 

I > 

1 


- 

es . 

Is 


' 0) 

; 

; cr; 

j Leaf. 

- 03 

•7 « 

>-.5 5 

^ cn 

... '^.1. 

O'© 

s t _ 

6.7 

11.2 

17.9 

5.6 

81.0 j 

39.0 ! 

6,.*) 

H.7 

10.2 

3.8 

80.0 i 

lo.n ' 

LI 

! 1 

5.1 

9.2 

8.2 

1 

1 2H.0 1 

!___ J 

U.O ! 

1 i 


Total yield 
of hay crop 
in cwt. per 
acre. 


ni.i 

;u.7 


The f)lot.s were put-uf) to hay late, not until well into May. 
Under these conditions the contribution of crested dogstail to the 
hay crop was renuirkably high — on the average of all the plots 
just under 30 per cent. — compareel to 13.6 per cent, given by 
cocksfoot. 

This is an incidental piece of evidence in the present connec- 
tion, but is of sufficient importance tt> merit attention. The results 
obtained at the Station have emphasized the importance of crested 
dogstail as a hay grass for use on poor soils for leys that arc 
habitually put-up lo hay late, and here we have significant 
corroborative e^■idence. The Montgomery clover has behaved in 
precisely the same way as the crested dogstail and both these 
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(iate) species have been favoured at the expense of the cocksfoot 
by the late puttuig-up. It is the Montgomery clover that has 
predominantly influenced the hay yields. The New Zealand 
cocksfoot plots which yielded the least cocksfoot and the most red 
clover gave the heaviest hay yields, while the pasture~hay cocks-* 
foot plots which yielded the most cocksfoot and the least red clover 
gave the lowest hay yields. The Danish (cocksfoot) plots with an 
intermediate clover : cocksfoot ratio also took an intermediate 
position in respect of hay yield. 

From the point of view of cocksfoot yield and cocksfoot 
contribution as such it will be noted that the pasture-hay strain 
gave very decidedly better results than either the Danish or the 
New Zealand strains. The pasture-hay strains do not always out- 
yield the Danish as soon as the second liarvest year, but they 
invariably do so on fields comparatively low in the scale of 
fertility when such fields are put-up to hay late. A result that 
is largely due to the fact that the early Danish strain is punished 
to a considerably greater extent by the April grazing than is the 
late pasture-hay strain. In this particular trial the New Zealand 
cocksfoot showed to no advantage (second harvest year) compared 
to the Danish, except that it contributed a more leafy herbage to 
the hay, in which respect, however, it fell considerably behind the 
[)asture-hay strain. 

In the third harvest year the plots were grazed, and the 
figures given below show the persistency of the three strains as 
estimated by tillers per 2^ sq. ft. with relative figures in 
brackets : — 


Pasture-lia> 329 (283) 

Danish IIS <1(X)) 

New Zealand 178 (I.>8) 

There is no mistaking the altogether better persistency of 
the pasture-hay strain than of the other two. As is usual in 
the third harvest year, the New Zealand strain shows somewhat 
better persistency than the Danish. 

The five types of strain bred at the Station compared to Danish cocksfoot. 

Drill trial, A large number of pedigree strains was sown in 
replicated 20 ft. drills on the Knoll in 1982. The produce was 
cut and weighed green (in the afternoon during a spell of very 
fine weather) at hay time in the first harvest year (1988), The 
average weights per drill for the five types of strain mentioned 
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earlier in this article in comparison with Danish are given 
bereunder : — 

l-.eicester«hir(‘ ‘ pasture . :j.4 Ih. per 20 ft. drill. 

Broad-leaved spreading pasture 3.6 lb. per 20 ft. drill. 

Danish ... ... 3.7 lb. per 20 ft. drill. 

Pasture-hay i.2 lb. per 20 ft. drill. 

Pasture- tussock .j.O lb. per 20 it. drill. 

Dense hay .. f.8 lb. per 20 ft. drill. 

The figures arc only of interest as showing that the more 
definitely spreading and late tyf)es do not yield well in a first 
harvest year, while the more erect and definitely erect (e.i/. dense 
hay) types, although late, are capable of high yields even in the 
first harvest year. The Danish cocksfoot appeared to be more 
affected by the drought than the Station strains and did not 
therefore show to as good advantage in this, the first harvest 
year, as is usual. 

Pure plot trial, A series of comparatively large but non- 
duplicated pure plots were sown down on the Bank Field (poor 
thin soil) in 1930. Tiller counts and yields per acre are available 
for the first harvest year (1931) and tiller counts for the second 
harvest year. The average results for the different strains are 
shown in the statement hereunder fi)r the two harvest years : — 



: Yld. in cwt. 

Till erf: per 

Ti sq. ft. 


' ( WO lb,) 

- 

.... 


' per acre 

hirst 1 

Second 

Si min of cock n foot . 

! /ir»t harteaf 

' harvest 

harvest 


' ycor. 

year. 

year. 

Danish 

( 

.... ; 11.9 

i 320 

321 

Dense hay 

9.3 

1 16,5 1 

541 

Pasture-hay 

9A 

560 ' 

682 

Pasture-tusscM'k 

10.4 

449 

62T 

Spreading jtasturc 

1 8.6 

\S9 i 

567 

Leicestershire jjasturc 

1 6.4 

i 665 

838 


Here the Danish strain yielded normally and, as is most 
frequent, gave a higher yield than the later and more jiersi stent 
strains in the first harvest year. 

The pasture-tussock, as in the drills, gave the heaviest hay 
yield of the pedigree strains closely followed by dense-hay and 
pasture-hay. The two essentially pasture strains were the poorest 
yielding. The more highly tillering pedigree strains give more 
tillers per unit of area than the Danish, even in the first harvest 
year, a state of affairs which is accentuated in the second 
harvest year. In the second harvest year the excessive tillering 
capacity of the Leicestershire pasture strain shows to marked 
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advantage. The broad-leaved spreading pasture and the densc- 
hay although not so abundantly tillering as the other pedigree 
strains none the less show promise of good persistency, and are 
vastly superior to the Danish in this important respect. 

ShnpLe tiiixture trial. A trial was set up on the Rhydtir 
Field in 1031. Seven different strains of cocksfoot were super- 
imposed upon a basal mixture in as many different plots. The 
mixture was as follows in lb. per acre the ])articular cocksfoot 
strain 14; pedigree meadow fescue 14; j)edigree timothy 8; with 
Ij lb. each of crested dogstail and rough-stalked meadow grass; 
Montgomery red clover 4, and wild white clover 1 lb. of pure 
seed and 1 lb. of ‘‘ cleanings 

The plots were about ] acre and ran lengthwise across the 
field. This particular field stands on a hillside opposite to the 
main block of the Plant Breeding Station Farm and almost from 
the outset has been of consklerable general interest. The seven 
different stn])s have stood out cpiite clearly, primarily as the 
result of the different shades of green of the se\eral strains of 
cocksfoot. In the second year, however, the Danish plot showed 
a more marked difference in colour conse(|uent upon a great 
reduction in the stand of cocksfoot. 

In the first harvest year the I’uld was put up to hay, but 
only after being grazed right into May. It is of interest to note 
that under these conditions crested dogstail contributed more to 
the hay than any other sj)ecies. The eojitribution of this grass 
did not fall below 20 per cent, on any of the plots, and exceedtxl 
40 per cent, on the plot to which the Danish cocksfoot (itself 
severely handicapped by the long perifxi of grazing) contributed. 

The percentage contribution to the hay crop (first harvest 
year) of the several strains of cocksfoot and the number of tillers 
per 2l sq. ft. in the second harvest year are shown in the 
statement hereunder : — 


Strain nf rnrh'nfnnf . 


Vrrccufua*' 
coutrih iitiftn 
to the hay 
fjro//, first 
harvest 
year. 


Tillers per 

n /t., 

second 

han^est 

year. 


Hnnisl] 

Privturc-hay 

Pnst iirc-hissock . . 

v'^nronOinjj: pastun* (nxorajie of two lots) 

Loirostershiro pasture ... 


5.S 

20.7 




1ft. 2 i 4(5n 

11. ft I 120 

! ai7 
10.0 368 

I 
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The very slight contribution of the Danish cocksfoot even 
to the iirst year’s hay crop shows the extent to which this strain 
was haiKJicaj)pc<J rclat i \ c to all the indigenous strains by the luird 
spring graziiig. The liekJ was heavily grazed on the aftermath 
and again during the spring of the second harvest year, with the 
result that the indigenous strains show to even better relative 
advantage than is usual in the sward of the second year. The 
good performance of the dense-hay strain both in the first harvest 
year and as to jicrsisting into the second year is noteworthy and 
decidedly encouraging. The [)asture-hay and pasture-tussock 
strains have both shown to good advantage. The “ Leicester- 
shire ” pasture strain in this particular cxperinicnt has not shown 
to its usual advantage hi tillering capacity. The very hard 
grazing ha<l here ijerniitte<l a fairly good contribution from wild 
white clover (by the second harvest year) even on the plots sown 
with the indigenous strains of cocskfoot, but even so there was 
more white cloMr on the Danish ])lot. On the basis of tiller 
estimations wild white clover made a contribution of 17.7 per 
cent, on the Danish plot and an average contribution of 11.8 per 
cent, on the indigenous plots. 

Summary and Practical Conclusions. 

This summary may ust'fully be made to embrace all the 
evidence so far obtained at the Station relative to strains of 
cocksfo(»t and not merely the explicit results brought forward in 
tl]C ])r€scnt paper. 

(1) When co(‘ksfout is included in seeds mixtures intended 
for leys from whi( h hay w ill be taken in the earlier harvest years, 
the amount of such cocksfoot contributing to the hay will be 
influenced to a marked degree by the date at which the field is 
put up to hay. Broadly speaking, the shorter the pre-hay grazing 
period the greatxT will be the contribution to the hay. The various 
pedigree strains (all based on indigenous stocks), because later 
to start growth than ordinary Danish commercial, are less impeded 
by pre-hay grazing than the latter earlier and more erect strain. 

(2) The ordinary Danish cocksfoot is not only the earliest to 
start growth in the spring, it is also more erect in growth than 
the pedigree strains derived from indigenous stocks. When still 
abundant on the field the Danish is, therefore, punished to a 
greater extent than the indigenous by the grazing animal. This 
in part undoubtedly accounts for the greater yua^istency of the 
pedigree strains. The evidence as a whole seems to suggest, more- 
over, that particular pedigree strains are persistent not only in 



220 


The Welsh Journal of Agriculture, 


{)roportion to their inherent tillering capacity, but also in 
proportion to the spreading and close growing nature of their 
leafage. 

(3) Persistency appears also to some extent to be a function 
of width of leaf. The narrower leaved strains are not so palatable 
to stock as those with broader leaves. The narrow-leaved strains 
(e.g. Leicestershire pasture) are probably the most persistent. 

(4) Since size of panicle and size of seed are correlated in a 
general way with width of leaf (and narrow leaves are themselves 
undesirable), and since small seeds do not give rise to established 
seedlings as generously as do large seeds, it is evident that 
persistency (as a character in itself) can be achieved at too high a 
price. 

(5) l*ersistency’ is also affected by the yielding ability of the 
particular strain bt'tween different cuttings or grazings. The 
greater the yield (at the beginning) between each grazing or 
cutting, by that much the less the persistency. The power of 
recovery of the Danish strain (at the beginning) is very great, 
and in this fact lies another reason for its poor persistency. 

(6) Yield (currently considered) is essential whether we think 
in terms of hay or of pasture; on this score also persistency can 
be achieved too dearly. 

(7) From the foregoing facts it would follow that if reason- 
ably good persistency can be attained to in a strain having broad 
leaves, comparatively large seeds, an erect or moderately erect 
habit and starting growth Jiot too late in the spring, a strain 
embodying such characteristics would come near to our ideal. A 
compromise is essential, as the plant breeder will never be able to 
aggregate every desirable characteristic in a single strain. Looked 
at from this point of view the results so far given by our dense- 
hay strains with good first harvest year yields and persistency of 
an altogether higher order than that displayed by Danish are 
of great promise. It is not unlikely that in fertile soils such 
strains may prove to be superior to the essentially “ pasture 
strains even for grazing leys. 

(8) A striking feature of our trials has been the excellent 
persistency of the pasture and pasture-hay strains on infertile soils 
and at high elevations, and for such purposes the extreme 
“ Ticicestershire ” strain may have a special application. 

(9) Erectness of growth and breadth of leaf both favouring 
palatability, it follows that s|)eaking generally Danish cocksfoot 
is more palatable than the generality of the indigenous strains. 
Palatability is, however, much a matter of growth-stage, and 



Trials with Strains of Cocksfoot. 


221 


consequently if Danish cocksfoot is undergrazed it will assume an 
unpalatable condition more rapidly than the slower growing 
strains, while late in the season, because the indigenous strains 
do not show burn as soon as Danish, the former are the more 
palatable. Palatability is also relative ; thus because stock when 
offered both indigenous and Danish cocksfoot in separate blocks, 
especially early in the year, favour the Danish, that is not to say 
that the indigenous strains are definitely unpalatable and would 
be neglected in the absence of the more palatable Danish. When 
the whole of a field has been sown with a single mixture iri which 
all the cocksfoot has been represented by an indigenous strain 
such cocksfoot has been well grazed. 

(10) Since the pedigree strains are more profusely tillering 
than the Danish they tend to exert a greater competitive 
influence on other low growing and persistent elements in a 
developing sward. The contribution of bent grasses and of wild 
white clover is therefore usually considerably lower under 
|>edigree leafy strains of cocksfoot than under Danish. In so far 
as wild white clover is concerned this effect of the leafv strains 
is in general a decided disadvantage- a disadvantage, however, 
which to a large extent can be coiintered by hard grazing at 
appropriate times of the year. 

(11) Evidence has been accumulated at the Station which 
seems to show pretty definitely that cocksfoot as a pasture grass 
has not the same fatting value as perennial rye-grass. The 
various strains of cocksfoot are, however, of great value in 
providing leafage at times of the year when perennial rve-grass is 
short, or when the rve-grass is suffering from the influences of 
drought. 

(12) Wild white clover mingles particularlv well with 
perennial rye-grass, and swards dominated bv these two species 
often become excessively clovery at certain periods of the vear. 
This leads to a ration verv rich in protein and with the 
phosphatic-calciiim ratio undulv weighted in favour of calcium. 
If fields sown out primarilv with rve-grass — white clover mixtures 
had sown across them a few strips with pedigree leafv cocksfoot 
as the dominant grass a contrasting alternate ration would be 
provided for the animals which would have particular usetuln<»ss 
at particular times of the vear. This ntiestion of alternate rations 
in relation to the seasonal soread-over of available herbage — in 
connection with which cocksfoot has a special application is 
likely to become of great importance as our knowledge of the 
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problems underlying the intensive management of grassland 
increases.^ 

(13) These trials with a number of strains of one and the 
same species — and trials with strains of any other species would 
give evidence in the same general direction — raise very difficult 
and important questions. The different strains all tend to have 
their special and often ultra-local applications. Thus in the case 
of cocksfoot, the “ Leicestershire pasture ’’ type, although having 
many disadvantages, might be worth releasing and distributing 
primarily for poor and exacting situations on account of its 
profuse tillering capacity and great persistency. The ordinary 
Danish cocksfoot, of course, has its definite application. Oji 
fertile soils it succeeds admirably for 3-i year leys. It shoul<i 
not therefore be eliminated from all seeds mixtures used in Britain 
unless or until a strain having all its advantages in exaggerate<l 
form and none of its disadvantages has been produced. 

(14) On the balance there is perhaps everything to be said 
against the release of innumerable strains — no matter how 
excellent each may be from a special purpose point of view. It 
must be remembered that it is no easy matter to maintain and 
to distribute strains of cross-fertile grasses in a high state of 
purity — and to do so would demand a special organization in 
respect of each particular strain. Probably, therefore, — at all 
events until grassland farming in this country is altogether more 
intensified and specialized than it is at present — the plant 
breeder’s duty is to be sparing in his dispensation of benefits, 
lest in his endeavour to serve local interests he engenders a state 
of confusion. 

It has seemed desirable to touch upon this question here 
because it is one that will soon have to be faced and debated in 
detail by the interests — farmer, trade and research stations- 
concerned. The case of the cross-fertile herbage plants is 
essentially different from that of the self-fertile cereals. To a 
considerable extent farmers are themselves accustomed to use their 
own homegrown seed-corn or to obtain same within their own 
locality. In so far as oats are concerned it is not improbable 
that we want more, rather than less, special-purpose and special- 
condition varieties. ITltimately it should be possible to organize 
the seed production of herbage plants on a more localized basis, 
but until the seed trade and the farmer have gained sufficient 
experience with pedigree grasses and clovers if would, we believe, 

- The possible ndvaotaires to be grained by nianaffinpr our grasslands on 
a strip basis open up innumerable fpiestions of interest. This matter will be 
discussed at a comparatively early date in some d(*tail elsewhere, 
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be a mistake for either a research station or a progressive seed 
house to release or to distribute more than quite a limited number 
of strains of any particular species. 

Acting on this belief this Station is not therefore, for example, 
releasing the Leic*estershire pasture ” type of cocksfoot, 
although many years of detailed research have been devoted to 
it, and despite the fact that it probably has a localise applica- 
tion and that it has been brought to a high state of genetical 
purity — an altogether higher state of purity than the more general- 
purpose S.2fi (pasture-hay strain) which has been released and is 
now to be regarded as a commercial eommexiity. The next strain 
to be released will be a representative of the dense-hay type — a 
strain which should have wide applicability and which was sown 
in extensive sward trials last spring. 
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THE TNFIJTKNCE OF M.ANTTRTNC 
ON THE YTEED AND ROTANICAL 
COMPOSITION OF T.OWl.AND PASTURES: 

A. UNDER CONTROLLED GRAZING BY SHEEP. 

B. UNDER HAY CONDITIONS, 

By T. EMiiYN Jones. N.D..\., 

W.>ls)i Plant Breedinie .‘Station. Aberystwyth. 

PretnouB work carried out at Aberystwyth on this problem 
and reported on by Stapledon and Thomas (1) and by Davies and 
Jones (2) differs from the experiment discussed in this paper in 
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the technique used for the collection oi the data. In the pre- 
liminary experiments yield data were obtained from small plots 
6 ft. X G ft. in size which were cut monthly with shears and the 
herbage from the whole plot was air-dried and weighed. Thus the 
results were not affected by the grazing animal. In the present 
experiment l/lOOth acre plots were used and sheep were intro- 
duced as defoliators instead of shears. The experiment was 
carried out at two centres, namely : — 

Centre A. On a good lowland permanent pasture. 

Centre B : On a five-year old ley composed mainly of 
perennial rye-grass and wild white clover. 

The experiment under discussion was begun in the spring of 

1930 and continued for two years on a monthly grazing basis. In 

1931 an additional plot was fenced off from which hay and after- 
math data were obtained. In 1932 all plots were allowed to grow 
and a hay crop was taken. 

A. The influence of manuring on the yield and botanical 

COMPOSITION OF LOWLAND PASTURES UNDER CONTROLLED 
GRAZING BY SHEEP. 

Material and Methods. 

At each centre a uniform block of ground was selected and 
on this, five 1 /100th acre plots (7 yd. x 7 yd. each) were marked 
out and fenced off from one another, so that each plot could be 
treated independently. The manurial treatments (])er acre) were 
as follows : 

Plot 1, 

Complete manure (CaPKN) consisting of burnt lime 2 tons; 
superphosphate (16 per cent. P=0.) 4 cwt. ; potash salts (30 per 
cent. K?0) 2 cwt. ; sulphate of ammonia 2 cwt. applied in the 
syiring of 1930, followed by six subsequent monthly dressings at 
I cwt. per acre each, making a total of 5 cwt. of sulphate of 
ammonia per acre per annum. 

Plot 2. 

Complete manure as in Plot 1, excluding lime (PKN). 

Plot S. 

Phosphate (P) in the form of superphosphate (16 per cent. 
P 2 O.) at 4 cwt. applied in the spring of 1980. 

Plot i. 

Lime (Ca) applied as quicklime (CaO) 2 tons in Jannaiy 
1980, 
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Plot 5. 

Control (C), no manure. 

In March, 1931, a further application of superphosphate at 
4 cwt. ; kainit (14 per cent. K^O) at 4 cwt., sulphate of ammonia 
1 cwt., was applied to the respective plots, also the monthly 
applications of sulphate of ammonia at i cwt, each were 
continued. 

Data were obtained on the basis of monthly yield from May 1, 
1930, to November 1, 1930; the herbage was then allowed to 
grow until May 1, 1981; this period constituted the winter 
growth. The technique was as follows : —At the end of each 
month a botanical analysis was made on each plot on a 
percentage productivity basis as used in previous experiments by 
Davies and Jones (2) and later by Jones (8). A pre-grazing sample 
was obtained by cutting 10 quadrats (1 sq. ft. each) at random 
on each plot. The green herbage was placed in scrim bags and 
air-dried to a constant weight. Sheep were then placed in each 
plot and the grass was grazed off as quickly as possible. The sheep 
were then removed and any grass not grazed was scythed off. 
Following this a post-grazing sample was taken, the procedure 
being similar to that adopted with the pre-grazing sampling. The 
monthly dressing of sulphate of ammonia was applied to its 
respective plots and the plots were then rested for a month, at the 
end of which time a similar procedure was again carried out. 

When all the samples taken had been air-dried to a constant 
weight, they were weighed and the net monthly yield obtained 
by subtracting the weight of the post-grazing sample from the 
weight of the pre-grazing sample. 


Discussion of Results. 

It must be borne in mind that the pastures on which this 
experiment was carried out were already in a high state of 
fertility and consequently great changes in either botanical 
composition or yield could not be expected. The use of sheep as 
defoliators was an attempt to approach farm practice, in con- 
trast to the previous experiments on this problem where grass 
shears were used. This attempt at carrying the experiment out 
under conditions similar to farm practice presented a grave 
difficulty. It was found that after a month^s rest the growth 
on all plots was so great that the number of sheep necessary 
to graze it down as quickly as possible was far greater than 
the pasture carried under normal conditions. In order to ascer- 
tain the sheep carrying capacity under normal farm practice, 

r 
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data were obtained for the year 1932 from the farmer at 
Centre B and from these data it was calculated that the pasture 
carried the equivalent to 5.6 sheep per acre per annum, while 
in the first year of the experiment it was calculated that the 
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number of sheep used was equivalent to 50 sheep per acre per 
annum. It is not supposed lor one moment that the pasture 
under the condition of the experiment carried ten times more 
stock than under normal farm conditions, this figure is merely 
shown to illustrate the excessive stocking necessary to clip off 
a month’s growth as quickly as possible. As would be expected, 
this excessive stocking resulted in an open sward of a tufted 
nature in comparison with the close dense sward on the field in 
general. 

Table 1 (page 22(i) shows the actual air-dry yield of each 
species and the total yield per season (1/6/30 — 30/5/31 and 
1/6/81 — 80/5/32) in cwt. (100 lb.) per acre. The figures 
shown in this table have been calculated from the percentage 
productivity analysis and the monthly air-dry yields, and there- 
fore represent the actual weight of each species. 

A study of Table I shows (a) the effect of treatment on 
individual species and (b) the effect on total yield. 

(a) The effect of treatment on individual species. 

Perennial rye-grass. In the first year of the experiment this 
species has derived considerable benefit from the use of CaPKN 
and PKN. In the second year, however, it shows a considerable 
decrease in yield on PKN and a slight decrease on CaPKN. The 
application of lime has resulted in an increase in yield in the 
second year. 

Roush-stalled meadou' grass. This species is of particular 
interest. It shows a slight response to manures in the first year, 
but in the second year this response is considerably more marked 
under all manurial treatments. An increase in yield is also seeii 
on control. This increase in the second year is partly due to 
heavy stocking which teiided to open up the sward in the first 
season and so to create space for the spread of this species. Also 
the effect of giving the pasture a month’s rest resulted in the 
development of a much stronger type of plant than that obtained 
after continuous grazing. 

Crested dogstail. Crested dogstail did not derive any 
appreciable benefit from treatment. 

Cochsfoot. This species, like rough-stalked meadow grass, 
shows an increase in yield on all plots in the second year as a 
result of receiving a monthly rest period. This increase, how- 
ever, is greater on plots receiving treatment than on control. 

Bent and Yorkshire fog. Both these species have been 
reduced as a result of manurial treatment except on P, where 
ben^ does not show a significant decrease. This bears out previous 
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pk skewing tke seasonal variation in yield of wild wkite clover under differential 
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Actual weight of wild white clover in cwt ( - 100 lb.) per acre, 
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work (2) which shows that the better grasses are increased while 
the poorer grasses such as bent and Yorkshire fog are reduced as 
a result of manuriaJ treatment. 

Wild white clover, A study of the effect of differential 
manuring on wild white clover in the first year of treatment shows 
that the actual yield is considerably less on PKN and CaPKN 
than on P, Ca, and C. The yield on PKN is 0.81 cwt. per acre 
compared with 3.25 cwt. on control. The seasonal variation in 
yield of this species under difierential mariurial treatments is 
shown graphically in Diagram I. 

Diagram I (p. 228) shows that the bulk of the season’s growth 
of wild white clover is produced in May, June, July and August. 
This is also the case in normal farm practice. Studying the effect 
of CaPKN and PKN, it can be seen that the yield of this species 
has L>een considerably reduced in the first month of the experi- 
ment in comparison with the yield on P, Ca, and Control, and 
remains at a low level throughout the season. The yield of wild 
white clover is much lower during the first few months of the 
season on the phosphate plot than on Control, but it does not 
exhibit such fluctuations during the later part of the season, 
showing a gradual decline in yield towards the autumn, while 
on Control there is a decided drop in yield during July, with a 
rise in the following month, but a further drop is shown iji 
September. During the first month of the experiment there is 
a considerable response to the lime treatment, followed by a 
sharp decline in yield iji subsequent months. 

Reverting to Table 1, the figures show that there is a decide<l 
drop in yield of wild white clover on all plots in the second year 
of the experiment, but the drop is most marked in PKN treat- 
ment, where the yield during the second year is 0.08 cwt. per 
acre, an amount so small as to be practically negligible. The 
yield on CaPKN also shows a considerable decrease. This depres- 
sion of yield of wild white clover by heavy manuring plus nitro- 
genous manures bears out previous results (1) and (2), and further 
work is now in progress with a view to ascertaining the cause of 
this result. 

Other grasses. Comparing the figures shown in Table I for 
other grasses (chiefly Poa annua) an increase in yield is 
shown for CaPKN, PKN and P in the first year. In the second 
year there is an increase in yield on all plots excepting Ca. As 
in cocksfoot, this is in part due to the monthly grazing system 
and heavy stocking which opened up the sward and allowed Poa 
071 nua to re-seed. 
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Weeds, Weeds have been depressed considerably as a result 
of treatments CaPKN, PKN, and P in the first year, and a 



further decrease is seen in the second year on CaPKN and PKN 
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1 his depression of weeds by manuring was shown in previous 
work on this problem (1), (2). 

(6) The effect oj treatimnt on total yield. 

Regarding the total yield in the first year, PKN gave the 
highest yield, but in the second year the plot had suffered so 
badly from sheep treading that its yield was considerably reduced. 
The effect of lime is evident in the second year when CaPKN 
and Ca show a considerable increase in yield as compared with 
the first year. The increased yield from the use of phosphate is 
not great enough to allow a pronouncement to be made on this 
point. 

Table II ()>. 280) shows the yield obtained from October 1 to 
April 80 in the two seasons. This period represents winter and 
early spring growth, and is of considerable practical importance. 
In the first year the figures show a considerably greater yield on 
PKN and CaPKN than on the other plots. In the second year the 
yield during this period on PKN has dropped considerably, being 
only equal to the yield obtained on Control. The yield from 
CaPKN, however, has increased, and shows a very marked in- 
crease compared with Control. P and Ca also show an increased 
yield during this period in the second year of treatment. 

Th« residual effect of treatment on the haf yield in 1932. 

In the third year of the experiment, namely, 1982, the plots 
were allowed to grow, and a hay crop was taken. No further 
applications of manure were given. 

TABLE III. 

Showing the actual yield of each species, together with the total yield 
in cwt. { 100 lb.) per acre as air-dry hay. Season 1932. Average 

for Centres A and B. 



1 

CnPKy. ■ 

PKN. 


Cu. 

Control 

Pf^rcnnifil rye-grass 
Hough -stalked 

;jt.27 

23. Mi 

22. 1 1 

27.95 

22.;. 5 

meadow-grass 

U.04 

I0.4B 

5.79 

12.86 

8.16 

Crested dogstail 

O.IR 

0.29 

0.86 

0.80 

0.52 

Cocksfoot 

3.29 

7.12 

R.11 

3.54 

2.20 

Pent 

1.59 


6.41. 

2.18 

4.40 

Vorksihire fog .... 
Wild w’hite oiover 

; 2.51 

1.28 ! 

2.26 

2 38 

2.42 

Trace j 

Trace. 

0.11 ! 

0.28 

0.22 

Other leprumes .... 

— 

1 


— 


Other grasses 

2.24 

1.45 i 

0.78 ' 

1.11 

0,.50 

'^eeds .... i 

Trace 

0.15 

0.36 

0.12 

0.88 

Moss and inert | 

matter .... i 

0.,53 

0.,50 ; 

! 

0.47 

0.52 ! 

1 

0.42 

Total .... i 

.vi.eo 

50.39 ! 

♦7.29 ! 

51.69 

42.22 
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Table iii shows the actual yield ol each species, together 
with the total yield in cwt. per acre as air-dry hay in the third 
year of the experiment. 

Effect oj treatment on species. 

Perennial rye-grass. This species derived considerable benefit 
from CaPKN and Ca treatments, suggesting that the use of lime 
has had a beneficial effect. 

Rough-stalked nieadoxu-grass. This species shows a greater 
yield on CaPKN, PKN, and Ca than on Control, while the yield 
on P is less than on Control. 

Cocksfoot. Cocksfoot shows a higher yield on PKN and P 
than on CaPKN, Ca, and Control. The relatively low yield of 
this species on CaPKN is probably due to the effect of competi- 
tion with perennial rye-grass. 

Bent. This species has been reduced on CaPKN and Ca. 

Wild white clover. The effect of CaPKN and PKN is very 
marked, only traces of this species being present. 

Effect on total yield. 

The residual effect of the manurial treatments is very marked 
under hay conditions. The yield on CaPKN is 10.38 cwt. greater 
than that produced on Control. Of the manurial treatments 
CaPKN and Ca produce the greatest response, followed closely 
by PKN. 


H. The of manuring on the yield and botanical 

COMPOSITION UNDER HAY CONDITIONS. 

For this purpose a plot 1 /100th acre in size was fenced off 
in 1031, adjacent to the plots already discussed; half this area 
was manured with ; — 


CaPKN 


per acre. 


CaO 2 tons 1 

Superphosphate i rwt. ( 

Kainit 21 cwt. | 

Sulphate of ammoinn 1 cwt. ) 

This was applied in March, 1981. A further application of 
sulphate of ammonia was given after a hay crop had been taken ; 
the remaining half was unmanured. The plots were cut for hay 
and aftermath. 


Material and Method. 

On each plot two quadrats 6 ft. x 6 ft. each were cut and 
weighed green. A 2 lb. sample was taken and air-dried, from 
which the air-dry weight of the plot was calculated ; also a 1 lb. 
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sample was taken and botanically analysed. This technique was 
carried out for both hay and aftermath. 


Discussion of Results. 

From the total air-dry yield and the botanical analysis the 
actual yield of each s])ecies as hay and aftermath was calculated, 
and the figures obtained are shown in Tabic IV. 
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Studying the effect of treatment on the actual yield of the 
sj)ecies, it can be seen that perennial rye-grass, rough-stalked 
meadow grass and other grasses ” (chiefly flue-leaved fescue) 
have derived benefit from the complete manurial treatment, 
while bent and weeds have been depressed. 

Regarding the effect of treatment on total yield, a slight 
increase in yield is seen on CaPKN compared with the yield on 
Control. 

The point of main interest in Table IV is the exceptionally 
high total yields obtained on both ])iots illustrating the high state 
of fertility of the lowland pasture on which the experiment was 
carried out. This yield of air-dry herbage is equivalent to a yield 
of 30 tons of r(jots per acre, and shows (although this fact is not 
generally recognised by farmers) that grassland, if managed 
efficiently, is capable of giving an enormous yield of fodder. The 
experiment w^as carried out in the second year, but owing to the 
high yield on CaPKN the crop lodged badly, and accurate weights 
could not be taken. 


Summary and Conclusions. 

The high yielding capacity of good lowland pastures, even 
without further manuring, has been illustrated. This fact makes 
experimental work using sheep as defoliators on small plots 
extremely difficult on account of the heavy stocking necessary to 
control the grazing. However, the results obtained illustrate 
that pastures, even when in a high state of fertility, derive benefit 
from manurial treatment, as shown by the increase in perennial 
rye-grass and rough-stalked meadow grass and by the decrease 
in the contribution of bent, Yorkshire fog, and weeds. The 
beneficial effect of lime on grassland has been shown, a fact which 
has been observed by many practical farmers. As shown in 
})revious experiments (1), (2), wild white clover has been 
depressed by nitrogenous manuring. 
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IHE LSK Ol' A CULTURE INOCULANJ 
FOR CLOVER. 


By A. A. Boui,t£b, B.Sc. (Agric.), Beading, 

I iiiversity College, Aberystwyth. 


introduction. 

Following on evidence of a deficiency of the clover nodule 
organism on some Welsh hill soils (Poulter, 19^3), trials with 
different strains of the organism were set up in 1983. The 
cultures were supplied by Dr. H. G. Thornton, and included 
strains from abroad as well as strains isolated by him from 
selected local soils. 

Whilst the evidence is as yet incomplete, it is sufficiently 
significant for a preliminary report, bearing in mind the practical 
advantages to be obtained by using a culture as opposed to a 
soil inoculant. 


The TrieU. 

The trials were set up at three different hill centres on 
ploughed, virgin grass land. On Coryn Land and Plyiilimon 
(Poulter, 1933) the same six cultures were used, whilst at Pwll- 
j)eiran, Cardiganshire, two of these were used, together with four 
local strains. 

The inoculated wild white clover seed at 10 lb. per acre was 
superimposed on a seeds mixture already harrowed in and phos- 
phatically manured, and was covered by means of a hand rake. 
The plots were each 1 /lOOth acre, separated from each other by 
two yard strips, and were replicated three times. 

At Pwllpeiran the experiment failed entirely on freshly 
ploughed bent-fescue land, owing to the drought and the late 
sowing. In spite of this, some evidence was obtained from a very 
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wet Molinid marsh, which never completely dried out during the 
season. Unfortunately, there was not sufficient area for the plots 
to be either replicated or separated from each other by any 
distance. 


TABLE 1. 


Comparison of nodulation induced by different strains of liar- radicicola^ 
Strain Barthel C placed at 100. 


75 or more plants 

Cnhw'c. 

examined in each case. 

Area. 



PwlU 

peiran. 

Cort/r?. 

Plynlimon. 

Wisconsin 200 

9.3 

9..') 

27.2 

Wisconsin 209 

— 

21.1 

22.1 

Barthel A 

— 

158 

126 

Barthel B 


U.3 

28.9 

Barthel C 

100 

UM) 

100 

Barthel R 

— 

16.7 

14.4 

Coryn 

201 

— 

— 

Frongoch 

94 

— 

— 

Nant-y-gwrdi 

86 

— 

— 

Tan-y-bwlch 

65 

— 


Soil (Frongoch) 

188 

91 

* — 

Soil (Nant-y-gwnli) 

— 

— 

4.9 

Control 

17 

o..-) 

8.6 


TABLE II. 

Establishment* data for wild white clover, Plynlimon, 1933. Sown 
May 19, 1933. Analysed October 21, 1933, by means of 6 x 6 in. 
mesh. 60 readings per culture 20 readings per 1/ 100th acre plot 

replicated 3 times. 


I 




1 liclatire mhir 

Per rent. 

(''uHurr, 1 

I'tdal So. of 

Bart el C at 

pi/ii y ” 


plant$. 

100. 

pfantx in 

1 



tntaK 

Wisconsin 2(X) 

,17 

12.4 

46 

Wisconsin 209 . ; 

61 

1 ?.o 

60.6 

Barthel A .... | 

10.5 

120 

8.6 

Barthel B 

45 

5.8 

69 

Barthel C 

8? 

! 100 

26.5 

Barthel R .... ! 

28 

! 26.5 

47.8 

Soil (Nant-y-gwrili) 

48 

i 55 

56.2 

Control 

46 

I 58 i 

67.4 


* Observations »)n plant sizi* at tlir time of sampling for nochih; counts 
on .Inly 29 promised greater differences between cultures, had it been n 
normal year instead of the prolonged drought. 

t “ Puny ” plants are distinguished arbitrarily by minute sistc and 
uiihtxilthy colour. 
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Evidence. 

The evidence of relative success of the cultures depends on 
evidence from nodulation counts (Table 1) and from establish" 
ment data (Table II). These latter are only available for 
Plynlimon. 


DUcuation. 

There is sufiicient evidence to show that the failure of the 
culture used in 1932 (Poulter, 1933) was due to the unsuitability 
of the bacterial strain used. Inoculation by culture promises 
future success, so that the practical difficulties of carriage and 
labour costs involved in soil inoculation are eliminated. 


Summary. 

1. Evidence is given of increased nodulation fd wild white 
clover induced by culture inoculants. 

2. Different strains of the no<luIe organism differed in their 
ability to induce nodulation. 

3. These differences were consistent at different (‘entres and 
were correlated with expected differences in vigour and 
establishment. 
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THE PERSISTENCY OF VARIOUS GRASSES 
AND CLOVERS WHEN SOWN IN PURE 
PLOTS AND IN MIX IT RES ON 
PEAT LAND. 

By Moses Griffith, M.Sc., 

C’nhn [Till Improvement Scheme. 

AND 

T. Emlyn Jones, N.D.A., 

Welsh Plant Breeding Station, Aherystwytli. , 


Introduction. 

A considerable amount of evidence in connection with the 
problem of laying down peat land to grass has been collected in 
Merionethshire and reported on by Griffith (1). This evidence 
related to an experiment laid down in 1923 on the farm of Mr. 
Roberts, Cefn TJchaf, Waun, Bala, at an altitude of 950 feet. 
The object of the experiment was to test the establishment of 
various grasses and clovers when sown in pure plots and in 
mixtures on reclaimed peat land in order to obtain information 
which would be of service to the practical farmer. The problem 
of laying down peat land to a good permanent pasture is acknow- 
ledged to be a difficult one, and it was found that farmers were 
loath to spend money on a seeds mixture, preferring to sow hay 
loft, seeds on this type of soil. 

The report published by Griffith (1) dealt with data collected 
in the years 1923, 1924 and 1925. The present paper is concerned 
with data collected in subsequent years (up to 1982) on the same 
experiment with a view to ascertaining the persistency of the 
grasses and clovers. 


Material and Methods. 

An application of 12 tons per acre of farmyard manure was 
given to the 1922 crop (potatoes and roots). In April, 1928, two 
months before the experiment was started, a dressing of 3 cwt. per 
acre of Nauru phosphate and 8 cwt. per acre ground limestone 
was applied, while the young seeds were dressed with 5 cwt. per 
acre of basic slag in November of the same year. 

The mixtures were laid down in plots 7 yards x 30 yards 
(l/40th acre) and the pure plots were 7| yards x 4 yards 
(1/ 160th acre) in 1928; no nurse crop was used. A hay crop 
was taken each year from 1928 to 1927. The aftermath was 
grazed by cattle up to October in each year ; from November to 
May the plots were heavily grazed by mountain sheep. From 
1927 to 1982 the plots during each summer period were grazed by 
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cattle; during each winter period they were heavily grazed by 
mountain sheep. As stated above, data for the years 192S to 
1925 have already been reported on (1). Notes were taken in 
the years 1926 and 1927. In 1982 a detailed botanical analysis 
was made on a percentage tiller estimation basis with counts of 
tillers of sown species, also a percentage estimation of the ground 
covered by sown species, unsown grasses, clovers, weeds, moss 
and bare ground was made. 


Diicuttion of Results. 

1. The persistency of species soxen in pure plots. Table I 
is taken from the rej)ort by Griffith (1) and shows the species 
sown and the results ol)tained in the years 1928 to 1925. 


TABLE I. 

Showing the species sown in pure plots, together with marks awarded 
for purity and density for the years 1923, 1924 and 1925; also green 
weight of hay per plot for the years 1924 and 1925. 


Specie$. 


:r - 

•/ 5 






ill 1:1" -rui 

\ms \ i9€ .i ! ; / 9^9 


1. Prrennial rye-grass 

2. Cocksfoot (commercial) 

3. Cocksfoot (iiidigeiiuus) 

4. Timothy 

5. Meadow fescue .... 

(i. Tall fescue (indigenous) . 

7. Meadow foxtail (coiimiercial) 

8. Meadow foxtail (indigenous) 

9. Crested dogstail .... 

10. Rough-stalked meadow-gras^ 

11. Smooth-stalked meadow gras^ 

12. Alsike (English) 

18. Alsike (Swedish) 

14. Red clover (wild) .... 

l.'i. Red clover (Montgomery) 

16. Red clover (Vale of Clwyd) 

17. Red clover (Chilean) 

18. White clover (wild) 

19. White clover (Dutch) 

20. Lotm corniculatus 

21. Lotus angustissimus 

22. Lotus major 

28. Subterranean clover 

24. Strawberry clover 

25. Yellow suckling clover 

26. Lucerne 

27. Hubam clover (Melilot) .... 


29 

i 90 

so 

50 

9S 

•i8 

29 

1 95 

so 

10 

100 

46 

25 

i 9u 

S5 

65 

105 

28 

1.*) 


95 

9(» 

167 

90 

25 

i :>o 

70 

.50 

125 

38 

80 

1 1.*) 

50 

10 

120 

52 

:10 

s5 

70 

70 

76 

68 

30 

f»0 

80 

80 

73 

68 

20 

70 

;o 

30 

113 

42 

10 

85 

70 

65 

87 

42 

10 

’ 25 

55 

15 

72 

36 

10 

1 

70 

(t 

112 

- 

to 

sn 

75 

0 

127 


15 

.'in 

55 

15 

112 

__ 

1 15 

■ so 

' SO 

: 0 

1 125 1 

- 

I 15 

i 70 ' 

6f» 

0 ! 

1 112 1 


1 15 

10 

] 1 

' 0 

1 1 


1 K 

' TO 1 

1 i 

! 40 ! 

100 ! 


' H 

! so 

j (»5 

; 0 

107 ! 

1 -- 

1 10 

! 70 1 

1 10 1 

1 0 1 

-* 1 

1 -- 


! 20 

! 0 

1 0 ' 

-* 1 

— 

! ^ 

^ 1-0 1 

! 5 i 

i 0 

I ' 


! 10 

I 90 ' 

' n i 

1 (» 

1 * 1 

1 

8 

! 35 i 

5 1 

0 1 

1 1 


8 

' 75 ' 

' 0 ! 

! 0 



20 

‘ 2o ' 

2 ' 

! 0 

i * 1 

— 

15 

1 65 j 

t 0 1 
1 

i 0 1 

i 


— 


*The sown species were represented by only a f(Mv plants on each of 
these plots, 



240 


The Welsh Journal of Agriculture, 


A study of Table I shows that all the grasses had persisted 
in varying degrees up to 1925, whereas the only clover which 
persisted into the second year was wild white clover; there was 
also a trace of wild red clover. The marked decrease in hay yield 
in the second harvest year is to a great extent due to late grazing 
by sheep followed by a period of drought. 


TA8LE 11. 

Showing marks allocated for purity and density of sward in 1926 and 

1927. 


Species, 

1 19t6 

1 im 

1. Perennial rye-grass 

i 

1 40 

1 " 

2. CAX'ksfoot (commercial) 

2r) 

1 5 

8. Cocksfoot (indigenous) 

5.1 

I 50 

4. Timothy 

S5 

1 70 

5. Meadow fescue 

. . ! 2n 

10 

6. 'lall fescue (indigenous) 

i 15 

frn 

7. Meadow foxtail (commerciiih 

i 50 

! so 

8. Meadow foxtail (indigenous) 

<»5 

i 60 

9. Crested dogstail .... 

.')< 1 

' 55 

10. Rough-stalkeil meadow grass 

40 , 

40 

11. Smooth-stalked meadow grass 

10 

i 35 

12. Wild white clover 

ID 

1 

i 4/0 

1 

Table II shows the marks allocated in 

1926 and 

1927 for 


purity and density of the sward. It is seen that by the fourth 
harvest year commercial cocksfoot has decreased and covers only 
about 5 per cent, of the ground, while indigenous cocksfoot covers 
about 50 per cent. This difference between indigenous and 
commercial strains of the same species in regard to persistency is 
seen again in meadow foxtail : the figures show that by the fourth 
harvest year commercial meadow foxtail covers 30 per cent., 
while the indigenous strain covers 60 per cent, of the ground. 
Timothy seems to have persisted to the greatest extent, but 
perennial rye-grass, tall fescue, crested dogstail, rough-stalked 
meadow grass, smooth-stalked meadow grass and wild white 
clover, though not as good as timothy, have persisted into the 
fourth harvest year in fair amounts. 

Data obtained in the ninth harvest year are presented in 
Table III. The figures of the percentage tiller estimation show 
that rough-stalked meadow grass, crested dogstail, indigenous 
meadow foxtail and wild white clover have persisted into the 
ninth harvest year in quite appreciable amounts, also that 
indigenous cocksfoot, indigenous tall fescue and meadow fescue 
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have persisted in slightly smaller amounts, Timothy, com- 
mercial cocksfoot, commercial meadow foxtail and smooth- 
stalked meadow grass are practically non-existent. Perennial 
rye-grass, though poor, has persisted in a very small degree into 
the ninth harvest year. This evidence is corroborated by the 
data obtained on the basis of ground covered by sown species, 
etc. The figures shown in column (a) represent actual counts of 
tillers of sown species per 10 mesh readings (6 in. x 6 in.). * These 
figures are shown in Table IV as relative figures with crested 
dogstail placed at 100. 


TABLE IV. 

Showing^ the relative number of tillers per unit area of species sown in pure 
plots relative to crested dogstail at 100. (Analysed in 1932). 


Crested 

dogstail. 

'•S. 

g 

c 

'A 

§‘1-1 

b 

o.-s • 

® .s 

'as 

0 

1 s 

t/i 

•1| 

t i 

III 

0 

il^ 
■? s 

X 0 

"o 

'ss'ujO jiop m 

100.0 

98.1 

! 

9 f ».2 

77 ..') 

40.1 

21.8 

16.7 

10.7 

r>.7 

3jp 

1.0 

1 0.4 

i 


It is seen from Table IV that crested dogstail, wild white 
clover and rough-stalked meadow grass have the highest 
persistency, followed closely by indigenous meadow foxtail. 
Indigenous cocksfoot shows far greater persistency than com- 
mercial cocksfoot, the latter, with timothy, smooth-stalked 
meadow grass and commercial meadow foxtail, having practically 
died out. Tall fescue and meadow fescue have persisted to a 
greater degree than perennial rye-grass 

2. The persistency of species sown in mixtures. Table V has 
been extracted from the report by Griffith (1) and shows 
the mixtures used and the air-dry yields of hay in 1924 and 1925. 

A detailed botanical analysis was made in 1982, the results 
of which' are shown in Tables VI and VIT. As shown in the pure 
plots all clovers tested, with the exception of wild white clover, 
had died out by the second year. This was the case also in the 
mixtures, so that the results obtained from Plots A 1, 2, 4 and 6 
have been averaged, since the only difference in the mixtures 
used in this series was a difference in clover. .Similarly Plots B 1, 
2 and 4 have been averaged, also D 1 (a) and 1 (b). Table VI 
shows the actual counts of tillers per 10 mesh readings (6 in, x 
6 in.) of sown species. 
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TABLE V. 

Showing teedi mixturei tested and the air-dry yields of hay per plot in 1924 

and 1925. 


Plot 

No. 

Hasaf Miivfurr. 

NpcciVj. 

Seed 
per acre 
(in Ih.) 

Hay per 
plot 

mi 1 

ms. 

A. 1 

Timothy 12 1h. 

Plus Montgomery red clover 

Pi 

127.86 

84.82 

A. 2 

per acre; crest- 

Plus Alsike 


l.<)2.36 

86.94 

A. 8 

ed dogstail 4 lb. 

Plus Wild white clover 

t 

180.06 

75.25 

A. 4 

per acre. 

Plus Subterannean clover 

0 

12T.26 

68.42 

A. 5 


Plus Ijotns angustMinns 

4 

119.08 

61.18 

A. 6 


I'lus fjotu.'f major 

\ 

127.18 

65.S1 

B. 1 

|(o(*ksfoot f) lb. 

Plus Moidgonierv red <*lover 

; J 

i:i()..')i 

59.73 

B. 2 

(per acre; 

Plus Alsike 

0 

136.43 

56.61 

B. 8 

j perennial rye- 

Plus Wild white clover 

1 

130.91 

64.16 

B. 4 

1 grass 9 lb. per 

Plus Subterannean clo>er 

0 

i.ft;i.4.ft 

29.44 


1 acre. 


■ 



C. 1 


Meadow foxtail 

ft 






Meadow fes(‘ue 

9 

1 

UR., 51 

52.68 



•Montgomery red (‘lover 





D, 1 


Fiorin (comm(‘rcial) . .. 

1 « 






(’hewing’s fescue 

H 


116.86 

48.28 



Montgomery red clover 

4 






Wild white clover 





D. 1 


.\s D.l. ))lus Prom N s* 






f>chraderi 

112 

120.43 

67.27 

D. 2 


Perennial rye-grass 

R 






Cre.sted dogstail 

t 






Hough-stalked meadow grass 

1 


127.32 

72.77 



Montgomery red clover 

1 






Wild white clover 

2 




D. S 


.\s n,2, but with .smooth- 






stalked meadow g»ass iristead 






of rough-stalked meadow 






grass 

4 

nS.S') 

49.21 



Tall oat gra.ss 

4 

' 

1 



Phalam bulbosa .... . 1 

4 

> 181.44 

86.18 



Montgomery red clov(‘r ... j 

4 






Wild white clover 1 

1 

2 

1 



I). 5 


Perennial rye-grass .. 

12 1 

1 

112.90 

29.07 



W^ild white clover 

■1 

1 



D. « 


Montgomery red clover 

ill 





Alsike 

2i 






Subterannean clover 

2 


142.01 

0.00 



Lotus angustissimu.H 

2 






Ijotus major 

2 






Yellow siK’kling clover . .. j 

‘ 1 

2 

J 
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TABLE VI. 

Showing counts of tillers per 10 mesh readings (Gin. x 6 in.) of town species. 
(Analysed in 1932). 



1 'e 2 

i ^ 

a- C' 

■ 

(’ocks/oof. 

Timothy. 

S . 

^ V. 

1 

Meadow 

foxtail. 

Crested 

floffstail. 

[ 

1 . 
o e ^ ? 

Wild white 
el over. 

j 

A. 1, 2, 4.. S, fi . i 

i 

I 

1 - 

5.2 

1 

1 _ 

1 

1 

158.0 



A. ;i ! 

1 — 

! 

3.0 

I - 


— 

— 1 

158.5 

B. 1, 2. 4 ! 


! 0.7 

— 


! -- 

— 

— 

— 

B. 

'• 2f».l 

! 21.0 i 

— 

i - 

1 - 

— 

— 

1.51. r 

C. 1 ! 

— 

1 — 

1 — 

1 27.*) 

! 3.0 

— 

— 1 


1). 1 (a); 1 (h) 1 

— i 

- 1 

1 — 

1 

! — 

— 

— 

176.2 

1). 2 .. 1 


1 -- 1 

1 — 

1 

1 — 

i2r).i 

117.5 

195.0 

1). t i 

1.0 

1 - 1 


i ™ 


__ 


1 127,0 

0. 1 

I), (i ' 

1 


- 

1 j 

— 

1 - 
i 

- 


i r 

1 1 

1 U().0 

1 1 . 


A study of Table VI shows that wild white clover has done 
exceptionally well, followed closely by crested dogstail and rou^h- 
stalked meadow grass. This was also the case when these species 
were sown in pure plots. A comparison of Plot B 3 and an 
average of Plots B 1, 2 and 4 is of interest in that on Plot B 8 
where wild white clover was included in the mixture there are 
considerably more tillers of perennial rye-grass and cocksfoot than 
on Plots 1, 2 and 4 where these species have been sown without 
wild white clover, but with Montgomery red clover, alsike and 
subterranean clover respectively. Timothy and commercial 
meadow foxtail are practically failures from the point of view of 
persistency ; meadow fescue also has given poor results. 

In Table VIT data relating to the analysis based on a 
percentage tiller estimation and an estimation of total tillers per 
10 mesh readings (6 in. x 6 in.) of the sward as a whole are 
presented. 

Table VTI shows that Plot D 6, which is a mixture composed 
of Montgomery red clover, alsike, subterranean clover, Lotus 
angustmrmus, L. major and yellow suckling clover, is a complete 
failure, none of the sown species having survived. Plots on 
which the mixture sown contains wild white clover, crested dogs- 
tail and rough-stalked meadow grass, either alone or in combina- 
tion, have a considerably higher percentage of sown species than 
any of the other plots, except Plot D 1 (a) and 1 (b). In the 
latter plots a mixture of bent, Chewing’s fescue and wild white 
clover was sown. The figures for this mixture show that 
Chewing’s fescue and wild white clover had done very weUt 
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TABLE VII. 

Showing the percentage tiller estimation and estimation of total tillers per 10 
mesh readings (6 in. x 6 in.) (Analysed in 1932). 
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* .Sown specicii. 

t Included in sown species coluiim. 


Bent, however, does not show a high percentage when compared 
with the amounts present on other plots where it was unsown and 
it appears to have been suppressed very considerably by 
Chewing’s fescue. The high figure for Chewing’s fescue on Plot 
C 1 is to be explained by the fact that this plot is adjacent to the 
previous plots, and though Chewing’s fescue is, as a rule, spot 
bound, it has encroached on this plot from Plot D 1 (a), probably 
by re-seeding itself 


Summary. 

In discussing the final result of the experiment an important 
point to be considered is the general management of the plots. 
As stated, the plots were mown for hay up to the fifth harvest 
year, and after each hay crop the aftermath was grazed off by 
cattle, followed by very heavy grazing during the winter months 
by sheep. In subsequent harvest years the plots were grazed 
during the summer period by cattle, followed by heavy grazing 
in the winter months by sheep. As peat soil is inclined to be of 
a friable nature, it is e\ndent that this treatment is very drastic, 
and a considerable number of plants are likely to be pulled up by 
the roots. In spite of this severe treatment, however, many of 
the species sown have given gocxl results. Judging from the data 
obtained from this experiment, crested dogstail, rough-stalked 
meadow grass, Chewing’s fescue and wild white clover have given 
the best results over a long period of years (9 years) on 
reclaimed peat land. However, it is of considerable significance 
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to note the greater persisting ability of indigenous meadow fox- 
tail and indigenous cocksfoot compared with the commercial 
strains of these two species. 

Conclusions. 

When the experiment discussed in this paper was begun, 
supplies of indigenous strains of grasses were very limited and the 
only indigenous strains used were those of cocksfoot, tall fescue 
and meadow foxtail. The results show that in the early part of 
the experiment commercial strains compare favourably with 
indigenous strains. As the experiment progressed, the superiority 
of these indigenous strains became \ ery marked. Perennial rye- 
grass has given very poor results, but, bearing the previous 
statement in mind, it is highly probable that some of the 
indigenous strains of this species, which have been evolved in 
recent years, may prove more suitable for peat land than the 
commercial strain used in the experiment. Bent, as an unsown 
species, has proved a very rapid colonizer of the ground. This 
has been useful on plots where the sown species died out in the 
early years of the experiment, but where it is possible to establish 
better grasses the use of bent as a component of seeds mixtures 
for peat land is not recommended. 
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PASTURE MANAGEMENT AND ITS 
EFFECT ON THE SWARD. 

By Ll. loRWERTH Jones, B.Sc., 

VWlsh Plant Breeding Station, Aherystwyth. 

The investigation of pasture problems in the })ast has been 
centred mainly around seeds mixtures and manures. It was 
realised, however, that extremes in management had an effect 
on the botanical composition of the sward. As an instance of 
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this it has often been shown that the two grasses tall oat grass 
and tall fescue are never found in abundance on any well grazed 
permanent pasture, whereas they are plentiful on the adjoin- 
ing roadsides and on ungrazed or undergrazed waste corners 
of the fields. In recent years a number of investigators (1), (2), 
and (3) have made interesting observations on the effect of the 
grazing animal on the type of sward produced. Exfjeriments 
carried out at the Welsh Plant Breeding Station have also thrown 
light on this question. 

Stapledon (4) has shown that under artificial grazing of 
single plants certain species such as cocksfoot, tall oat grass and 
tall fescue were considerably weakened by a series oi cuts, 
whereas other species such as perennial rye-grass and crested 
dogstail were far less sensitive. It was also shown that repeated 
cutting reduced the root system of grasses to a small percentage 
of that developed under a lenient system of cutting. Later work 
(5) and (6), when sheep were used as the grazing animals, showed 
that the grazing management had a considerable effect on the 
botanical composition of the sward, and that under a system of 
continuous grazing, cocksfoot, particularly commercial strains, 
Italian rye-grass and timothy were greatly reduced in the 
pasture, while bent, white clover and the various weeds increased 
considerably. Fenton (7) found that a sward where bent was 
the dominant species under the old system of inadequate grazing 
was changed into a perennial rye-grass dominant pasture under 
a system of sectional grazing and manuring. During the last 
year a number of papers have been published (8; 9) showing 
how pastures are influenced by different methods of manage- 
ment, and how it is possible to change a grassy sward into a 
elovery sward, and vice versa. 

As a result of observations made, together with the earlier 
data collected at the Welsh Plant Breeding Station, it was 
decided in the summer of 1929 to lay out an experiment on an 
outrun ley designed solely to test the influence of the grazing 
animal on the pasture. Following this, a standard experiment 
was set up in the early spring of 1980 on six different types of 
grassland, two on rushy swards (one of which is a genuine marsh), 
one on an outrun ley, another on a young ley consisting of 
several types of seeds mixtures together with a Molinia and also 
a bent-fescue sward in the hills. The present article embodies 
the results obtained from the area which was first laid out for this 
purpose. 
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Material and methods. 

In July, 1929, an area of grassland measuring 24 yards x 03 
yards was divided into seven plots, each measuring 24 yards x 9 
yards ; one of these was divided later into two sub-plots, Go and 
Gb (see plan). 

yards 

riiii\iiiiiiii\iiiiiiii\iiiiiiii\iiiiiiii\iiii\iiii\iiiiiiil\ 


nrniii 

//////// 

iiiinii 

IIIIIIII 

Strip on 

IIIIIIII 

Tnum 

iiiiiiii 

miiiii 

IIIIIIII. 

.Strip on 

IIIIIIII 

1 

9 

1 


l>-\t-ligurc I, showing the layout of tlie extH^riment. 

The area consisted of two types of sward arranged as 
follows : — 

(1) The main area A, 29 yards x 03 yards, was derived from 
a seeds mixture sown in 1923. 

(2) A narrow strip B, 4 yards x 03 yards, was sown in 1926 
as a headland mixture of another experiment. 

By 1929, however, most of the original species had dis- 
appeared in both, and the sward consisted of : — 

A, h. 

p«r cent, 

Hont ... .... ... 65 45 

Yonkshiro .... .. .... ... 15 15 

Rorijfli-stalkcd meadow . .. . .. 7 12 

Sweet vernal . .. .... .... .... 4 t 

Tall fescue .... .... . .. .... 4 — 

(Cocksfoot .... . .... ... Trace 6 

FcHiim rubra .... .... Trai-e ft 

White clover ... . .. .... .... 8 2 

Weeds .... .... .... .... .... 2 7 

A hay crop had been taken from this area every year since 
it had been sown, and very little grazing had been allowed on 
it. In 1929 the hay crop was taken in June and the experiment 
was started three weeks after its removal. 


4 yards. 
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The plan of management adopted for the various plots was 
as follows : — 

Plot 1. Grazed every two months* — undergrazing. 

Plot 2. Grazed every month — tnediurn grazing. 

Plot 3. Grazed every week in spring,^ and e\’ery month 
in summer and autumn — hard spring grazing. 

Plot 4. Grazed every week (spring, summer and autumn) 
— hard grazing. 

Plot j. Grazed every week in autumn,^ and every month 
in spring and summer — hard autumn grazing. 

Plot 0. Cut with the scythe every two months at the same 
lime as Plot 1 is grazed. This plot was sub-divided into : — 

Plot (>a. Scythed herbage removed from plot. 

Plot iib. Scythed herbage allowed to rot on plot. 

Plot 7. Control. This ])lot was neither grazed nor cut. 

Me thod oj grazing. 

The grazing was carried out through the whole period by 
means of tethered sheep. ^ The aim was to induce the sheep to 
eat as much as possible of the food offered at each grazing, thus 
they were allowed to graze for a longer period of time on the 
plots which had a good growth of herbage. This was made 
possible by gi\'ing them a shorter length of new herbage every 
time they were shifted. 

On Plot 4 a pair of sheep grazed for days every week, 

starting at the bottom every Friday and being shifted twice a 
day two or three yards, according to the amount of fodder avail- 
able. It was also arranged that if they started Plot 4 on Friday 
morning of one week they started there again on the evening 
of the following week. In spring the sheep grazed Plot 3 as 
soon as they had finished Plot 4, while in the autumn they grazed 
Plot 5 after Plot 4 every week. The rest of the week was spent 
grazing the other plots according to schedule. During the 
greater part of the grazing season the grazing on all plots was 
carried out by one pair of sheep, but occasionally an additional 
pair was brought on to the area in order to keep to schedule. 

Tntcnsiiij of Grazing, 

The intensity of the grazing is indicated in the following 
statement, which shows the average number of days per acre that 

^ The jrrnzinjr senson usually extended from mid-April to mid October. 

2 For the purjmse of this experiment spring extended from mid-April 
to iiiiddune and autuimi extended from mid-August to mid-Oetober. 

^ For fi detailed description of the method of grazing by tethered 
siiecip see Wehh Plant Brooding Station BuJlolin (Series H), No. 13, p. 97. 
1982. 
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sheep grazed on each of the plots for the three periods of the 
grazing season. 

y umber of Hheep- days per acre. 


Period. 

Plot 1. 

Plot iJ. 

Plot J. 

Plat 4. 

Plot 

Spring (April 15 — June 15) 

315 

525 

1170 

iUb 

368 

Summer (June I O’ — August 15) .... 

315 

.115 

3b0 

1035 

405 

Autumn (August lb* — Otrtober 15) 

:m 

185 

430 

1215 

1225 


The above figures include the summer and autumn grazing 
jjeriods of 1929 and the whole of the grazing seasons of ‘1900, 
1931, and 1982. 

The number of sheep used on the hard grazed area (Plot 4) 
is equivalent to a stocking of about eighteen sheep per acre 
during the six months. The area grazed hard in the spring 
(Plot 3) and that grazed hard in the autumn (Plot 5) also had 
a stocking of about eighteen sheep per acre during their respective 
hard grazing periods, whereas during the rest of the grazing 
period they were stocked at about the same intensity as the 
plot grazed every month; this was equivalent to about seven 
sheep per acre. The stocking on the plots grazed every two 
months was equivalent to about five and a half sheep per acre 
during the grazing season. 

Method of collecting data. 

After three and a half years of the above management it 
was decided to make a close study of the effect of the different 
treatments on the respective plots. The data were collected in 
1933. For this purpose in February, 1933, each plot was fenced, 
leaving a strip seven feet wide across the A and B area (shaded 
strips in Text-figure 1). This allowed of the grazing in fenced 
plots of the rest of the A area during 1983 according to the 
original schedule, while the B area was given up entirely to the 
collection of data during that period. These two strips were then 
cut by means of shears to ground level and all the herbage was 
taken off the plots. The technique adopted subsequently was 
as follows,: — 

V 

(1) Five yard quadrats were marked off on both strips on 
each plot and the herbage on each of these was cut every four 
or five weeks ; these are known as the pasture cuts. 

(2) Two yard quadrats were also marked off on each plot, 
and the herbage on these was cut as hay and aftermath. 

(8) In the late autumn, turfs were dug up from these plots 
and counts were made of the number of tillers of each species 
present. 



Pas in re M a nag enie n t . 


:251 


Results of the botanical analyses of the sward. 

A comparison of the number of tillers of the various species 
present under different types of management is shown in Table I 
and Text-figure U. Furtlier details are given in Appendix 1. 
The data for the two plots which were either grazed every week 
in the spring or else every week in the autumn have been 
omitted from Table 1, and are dealt with later. The results 
for the two sub-plots, 6a, cutting every two months and remov- 
ing herbage, and 6b, cutting every two months and allowing 
herbage to rot, have been averaged and are entered in Table I 
under the one column “ mowing.’’ 

TABLE I. 

Showing the relative number of tillers of certain species on the different 
plots in November, 1933. (The highest number of tillers for each species 
is placed at 100, and the numbers for the other plots are based on this) . 
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Sgecics. 

Plots Hitt grazed. 

Mov'iug. 

No mowing. 

Ow'ksfoot 

66.6 

I0(.).o 

Tall feseme 

27.2 

100.0 

Weeds (excludinjr biittcreup) 

100.0 

76.2 

Buttercup 

1()(;.0 

4.5 

Sweet vernal 

100.0 

25.0 

Yorkshire fo;r . .. 

44-. 8 

23.5 

1 

Bent .... .... .... .... 1 

29.1 

1 34.2 

White clover 

11.5 

' 0.7 

Relative amount of moss 

60.0 

1 2.2 

1 
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Table I 

and Text-figure 2 show that cocksfoot and tall 

fescue thrived best when neither grazed nor mown, that is, where 



Plots grazed every week. 



Ploti* grazed every month 


MIP 

Plot.8 grazed every two months. 



Plots mown ev€^^y two months. 


■■ 

Plots ungrazed and uninown. 



SWKKT VERNAI.. 

(•(XIKSFOOT. 


mm m 


TEXT-FIGURE 2. 

Showing the eHeft of the different types <ff‘ nmnageuieiit (us pre-treatments) 
on the nuriihcr of tillers of each speeies per unit of area. In each case 
tlie highest numher of tillers is taken as 100. and the value of each 
individual species on the other plots is calculated acccndingly. 
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there was least interference by man and animals. In addition, 
cocksfoot has persisted much better under mowing conditions 
than under any form of grazing, also the harder the grazing on 
the grazed areas the smaller was the amount of cocksfoot in the 
sward. On the plots which were grazed every month, or every 
two months, the number of cocksfoot tillers was about one-fifth 
of that on the non-mown plot, whereas on the weekly grazed 
plots it was only a small fraction of that amount. 

The figures for weeds, or miscellaneous herbage, excluding 
grasses and clover, are similar to those for cocksfoot and tall 
fescue, as they thrived better in the absence of the grazing 
animal. Unlike those grasses, however, they have done much 
better on the mown plots than on the unmown plot ; this is very 
noticeable in the case of buttercup, which has practically dis- 
appeared from the unmown plot. Further, of the plots on which 
animals have grazed, the harder grazed areas have favoured the 
weeds, whereas there were fewer weeds on the plots grazed every 
two months than on ajiy of the other plots, buttercup again 
being an exception (see Table TTI). Sweet vernal, unlike weeds, 
cocksfoot and tall fescue, has done equally well in the presence 
or absence of the grazing animal. On the other hatid, it 
resembles weeds in that it thrived much better on the mown area 
than on the unmown area, and also it was nearly four times as 
plentiful on the plot grazed every week as it was on either the 
plot grazed every month or on that grazed every two months. 

Yorkshire fog, unlike the above species, was present in 
greater amount on the grazed areas as compared to the 
ungrazed areas. It was almost twice as plentiful on the mown 
area as on the unmown, ungrazed area. On the grazed areas 
it gave results similar to cocksfoot, that is, it thrived much 
better on the under-grazed areas than it did on the hard grazed 
areas. 

White clover and bent, like Yorkshire fog, were far more 
prominent on the grazed than on the ungrazed areas, and further 
on the non-grazed plots these species were present in much smaller 
quantities on the unmown areas than on the mown areas; in 
fact, white clover was only present in very small amount on the 
non-grazed, non-mown plot. Bent, however, showed a slight 
increase on the non-grazed, non-mown plot. In the grazed plots 
these two species were present in smaller amounts on the under- 
grazed plots, the hard grazed areas giving the highest figures. 

When the botanical analysis was being made, all the moss 
was picked off by hand from each turf. It was then washed, 
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dried, and weighed. The relative amount of moss (by weight) 
is shown in Table I, and the figures indicate that the hard grazing 
was conducive to the growth of moss, while on the under-grazed 
and the ungrazed, unmown plots very little moss was present. 


TABLE n. 

Showing the relative number of tillers of certain species on the three 
plots subjected to hard grazing. 


Species. 

Weekly yrazlmj in 

Spring. 

Spring, 
Hummer and 
autumn. 

Autumn. 

VVliite clovt^r 

44.0 

JOO.O 

70.5 

Btint 

91.2 

100.0 

74.5 

Sweet vernal . . 

1.7.0 

100.0 

77.5 

Tall fescue 

82.0 

60.0 

100.0 

C’ocksfoot 

69.2 

' '<•'< 1 

1 lOO.O 

Crested dogstail 

24.2 ! 

45.0 I 

100.0 

Weeds (excluding 




seedlings) 

28.0 

49.2 j 

KHl.O 

Moss (by weight) 

hoA 

100.0 j 

• <19.0 


Table II shows the relative number of tillers of some of the 
species on the three plots which have been subjected to weekly 
grazing. It will be noted that not one of these species has 
developed its maximum tiller production on the plot which was 
hard grazed in spring. Three of the species, namely, white 
clover, bent, and sweet vernal, have produced their maximum 
number of tillers on the plots which were subjected to a weekly 
grazing throughout the grazing season. In addition, the number 
of tillers of white clover and sweet vernal have been reduced by 
about 25 per cent, on the plots grazed every week in autumn, 
and by over 50 per cent, on the plots grazed every week in spring. 
The number of tillers of bent was also reduced by 25 per cent, 
on the plots hard grazed in autumn, but by only about 8 per 
cent, on the plot hard grazed in spring. 

Tall fescue, cocksfoot, crested dogstail, and weeds have more 
tillers on the plots grazed every week in autumn. Tall fescue 
and cocksfoot have been reduced by 18 per cent, and 80 per 
cent, respectively on the plots grazed weekly in spring, and by 
40 per cent, and 98 per cent, on the plots grazed weekly through- 
out the summer. Crested dogstail and weeds have a smaller 
number of tillers on the plots grazed weekly in spring than on 
the plots grazed weekly throughout the grazing season ; the 
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former being about 25 per cent, and the latter about 50 per 
cent, of the number on the plots graz^ed every week in autumn. 

There was a similar amount of moss on the plot grazed every 
week in autumn and that grazed every week throughout the 
season, but there was only about one-third of that amount present 
on the plot grazed weekly in spring. 

TABLE HI. 

Showing the actual number of (a) plants, and (b) seedlings of 
buttercup per sq. ft. on the different plots. 




Vnlly ; 

estahlhhcil | 
planU. 

Sfrillinifs. 

a razi'd ccery 

1. Week in springe, summer niul autumn . .. 

; 

ii.y 

67.fi 

•J. Week in sprii^, and every 
summer and autumn 

mouth in 

: 

(i.O 

24.8 

Week in autumn, and I'Nery 
spring? and summer 

month in 

■ 

87.2 , 

84.4 

1. Month 


7.fi 1 

19.2 

5. Two months 


12.0 1 

i 

2.4 

ei^ery 

f». Two months and removed 


4fi.O 1 

9.6 

i. 'two months and allowed to rot 


: 24.0 

2.0 

s. rnmown and un^razed 


i 

1 

4.4 


Buttercup was rather a prominent weed on these plots, and 
it was decided to count the young seedlings and the fully estab- 
lished plants separately ; these results are shown in Table III. 
It is seen that both the number of plants and the number of 
seedlings were very low on the ungrazed, unmown plot. Further, 
on an average the number of established plants was greater on 
the mown areas than on the grazed areas, but the number of 
seedlings was far less. The plot grazed every two months con- 
tained a fair number of established plants, but very few seedlings, 
whereas on the plot grazed every month a considerably larger 
number of seedlings was found. Comparing the three plots which 
are grazed every week at different periods of the year, it is seen 
that on the plot which was grazed every week in spring, summer 
and autumn the number of seedlings is much greater than on the 
other two plots, while the plot grazed every week in autumn 
contains by far the largest number of established plants. 

It would thus seem that buttercup cannot compete success- 
fully with the tall uncut herbage of the unmown plot, On the 
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mown plots it has established itself very well, especially on 
the sub-plot where the mown herbage is taken off the plot, but it 
does not appear to be reseeding itself very freely. This seems 
to suggest that even with only a moderate amount of reseeding 
buttercup is able to establish itself exceptionally well, provided 
that it is not interfered with by the grazing animal and that the 
other herbage is not allowed to grow tall enough to smother 
it. On the plots grazed every two months the seedling 
establishment of buttercup is very low, but, on the other hand, 
interference by the grazing animal is very slight so that it has 
a moderate number of fully developed plants. The plots grazed 
every month contained considerably more seedlings than those 
grazed every other month, but fewer established plants. The 
figures for the three plots grazed every week in spring, summer or 
autumn are very interesting. The number of seedlings on the 
plots grazed every week throughout the grazing season is 
exceptionally high, whereas the number of established plants is 
rather low, suggesting that the grazing animal interferes with 
the plants before they are fully established. A similar state of 
affairs prevails on the plot grazed ever\^ week in spring, the 
interference at this period (spring) being more harmful than at 
other periods. On the plot which is grazed every week in 
autumn, the lenient grazing during spring and summer 
allows the previous year’s seedlings to become well established in 
spring and summer, and, further, it does not interfere with 
flowering during the summer. Inspection of the plots in the 
early period of July showed the plot grazed every week in 
autumn to be full of buttercup flowers. Bv the middle of 
August, when hard grazing was due to begin, the flowers had 
withered and the seeds were ripening. The hard grazing following 
this served to press the seedlings into the ground readv for next 
season. The counts of seedlings in this plot were not exceptionallv 
high ; this was probably due either to the seeds not having ger- 
minated when the counts were made, or to the seedlings having 
been eaten bv the sheep. However, even allowing for a smaller 
number of seedlings, the lenient grazing of the following spring 
and summer allows the seedlings present to reach maturitv and to 
flower. 


Yield of herbage. 

All the herbage samples cut during 1088 were air-dried and 
then weighed. A summary of these weights is shown in Table TV. 
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TABLE IV. 

Shewing the jrield of herhi^e (Ih. per ecre) ^ (e) mi hap and aftermath^ 
and (b) as pasture on the plots after three and a half pears pro-treatment. 

(Average of A and B) . 


PlotB grazed every 



(«) 

Week, 

(6) 

Month, 

Months, 

Hay yields 

2519 

2884 

8076 

Pasture yields .... 

2048 

2812 

2282 

Average 

2281 

2598 

2654 

Difference between hay -h after- 




math and pasture yields 

1 476 

572 

644 


Ungrazed plott. 


(o) 

Mown, 


Unmown. 


Hay yields 
Pasture yields 


2046 

1664 


8897 

1909 


Averaige .... .... .... 1855 

Difference between hay + after- 
math and pasture yields .... 382 


2903 


1988 


** From Table IV it is seen that the largest yield was obtained 
from the plot which had been neither grazed nor mown during 
the period of the experiment, whereas the poorest yield was 
obtained from the plot which had been mown four times a 
year during that period. The plots which had been grazed were 
intermediate, those which had been grazed every week giving 
the lowest, and that which had been grazed every two months 
giving the highest yields of the grazed plots. 

The figures in Table IV also show that the yield of herbage 
as pasture cuts was in all cases lower than the yield as hay and 
aftermath cut. This difference varied from plot to plot, being 
least on the mown plots and increasing on the grazed plots, 
especially on the plots grazed every two months, reaching its 
highest point on the unmown, ungrazed plot where the yield of 
herbage as hay and aftermath is more than twice the yield from 
pasture cuts. 

Yield of individual species. 

After weighing the air-dried herbage, all samples were sub- 
jected to a botanical analysis, and from this it was possible to 

R. 
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calculate the yield of each species on every plot, both as hay and 
aftermath and also from the four pasture cuts. These results 
are shown in detail in Appendices II and III. A summary of 
these figures is given in Table V and Text-figure 8, showing 
the relative yield of the various species, the figures being the 
average for both the pasture cuts and the hay cuts. The aftermath 
cuts have not been analysed. 

TABLE V. 


Showing the relative yield of the various species — average of the 
pasture and hay cuts for A and B series. 


Species, 


Frequency of grazing. 


Week. 

Month, 

Ttco 

Months. 

Cocksfoot 


1.9 

38.6 

68.5 

Tall fescue 

.... 

7.6 

10.5 

18.B 

Weeds (miscellaneous) .... 


22.4. 

9.0 

12.0 

Buttercup 

.... 

46.0 

(75.5)* 

.'ii.O 

24.2 

Yorkshire fog .... 


27.1 

68.0 

100.0 

Bent 

*.M 

100.0 

94.0 

69.5 

White clover 

.... 

100.0 

63.5 

16.4 

Moss .... 

.... 

100.0 

37.0 

21.5 


Species, 

No grazing. 

Mown. 

Unmovm. 

Cocksfoot 

38.4 

100.0 

Tall fescue 

17.4 

100.0 

Weeds (miscellaneous) .... 

48.5 

1(K>.0 

Buttercup 

100.0 

Trace 

Yorkshire fog .... 

47.8 

,5.7 

Bent 

40.6 

45.8 

White clover 

18.8 1 

0.9 

Moss .... 

41.0 ' 

Trace 


* The figure in brackets refers to yield of buttercup on the i)lot which 
was graaed every week in the autumn. 


Table V and Text-figure 8 show that cocksfoot, tall fescue and 
the various weeds have given a much higher yield on the un- 
grazed, unmown plot than on any of the others. The yield of 
cocksfoot on the mown area was only one-third, and that of tall 
fescue only one-sixth of their respective yields on the untreated 
area. On the grazed areas cocksfoot gave a good yield on the 
plot grazed every two months — about two-tjiirds the yield of the 
untreated plot — but its yield on the plot grazed every month 
fell to about one-half and that on the plot grazed every week 
to kss than 8 per cent, of its yield on the plot grazed every two 
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EIS3 


m 


COCKSFOOT. 




Plots graced every week 
Plots grazed ©very month. 

Plots grazed ©very two months. 

Plots mown every two months. 

Plots ungrazed and unmown. 

YORKSHIRE FOG. 



TALL FESCUJ5. 



BENT. 




WEEPS. 




WHITE CLOVER. 



BUTTERCUP. 



MOSS. 



TEXT-FIGURE 3. 


Showing the effect of the different tjycs of 

on the yield of the various species. In each case tte highest yj®^ 
at 100, and the value for each individual secies on the other plots is 
calculated accordingly. 
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months. The yield of tall fescue gradually decreased from 18.8^ 
on the plot grazed every two months to 10.5 on the plot grazed 
every month, and to 7.6 on the plot grazed every week; these 
figures are all relative, the yield of tall fescue on the untreated 
plot being placed at 100. These results for cocksfoot and tall 
fescue bear out the previous results (4, 5 and 6). Weeds gave only 
one-half as much herbage on the mown plot as on the untreated 
plot, and also their yield was greatly reduced on the grazed 
plots. Of these grazed plots the yield of weeds was nearly twice 
as much on the plots grazed every week as on the plots grazed 
every two months. The figures for buttercup are also of interest 
in that this plant has given its highest yield on the mown plots, 
where grazing was not carried out, whereas the unmown, ungrazed 
plot only showed traces of this species. Of the grazed plots, 
buttercup has given a far greater yield of herbage on the plots 
grazed every week in the autumn than on any other grazed plot, 
and the smallest yield on the plot grazed every two months. 

Yorkshire fog gave its highest yield on the plot grazed every 
two months, its yield on the plot grazed every month being two- 
thirds, and on the plot grazed every week about one-quarter of 
that of the plot grazed every two months. Of the ungrazed plots, 
that which was mown every two months only yielded about 60 per 
cent, and the unmown plot about 5 per cent, of the yield given by 
the plot which was grazed every two months. Bent and white 
clover have both given the highest yield on the plot grazed every 
week. The decrease in the yield of bent on the plot grazed every 
month was only 6 per cent., whereas its yield has been reduced by 
over 80 per cent, on the plot grazed every two months. 
On the ungrazed areas the yield of bent has been reduced by 
55 per cent, on the unmown area, and by 60 per cent, on the 
mown area. White clover shows more variation than bent and 
seems to be far more sensitive to the various types of manage- 
ment. On the plot grazed every month the yield of white clover 
has fallen to about two-thirds of its yield on the plot grazed every 
week, i^hereas it has dropped to about one-sixth of that value 
on the plot grazed every two months. The average yield of 
white clover on the plots mown every two months was simUar to 
that on the plots grazed every two months, whereas its yield on 
the untreated plot was less than 1 per cent, of the yield on the 
plots which had been grazed every week. The amounts of moss 
in these herbage cuts are very similar to those obtained by hand- 
picking the moss from turfs (see Table I, p« 251). 

In Table VI the figures shown for the area mown every two 
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months are the average of those for the two sub-plots. In order 
to compare the effect of cutting and removing the cut herbage* 
ns against cutting and allowing the herbage to rot on the plot* 
the relative figures for these two sub-plots have been set out in 
Table VI, The amount of actual yield of herbage (in lb. per 
ncre) is also given, from which it is seen that where the herbage 
was not removed after cutting there was an increase of 824 lb. 
in total herbage ; this corresponds to an increase of about 16 per 

TABLE VI. 

Showing the relative yield of the various species on the mown sn*eas. 


Species, 

Arca^ imurn crvip hro months. 

(Uit herbage 
removed. 

Cut herbage 
allotrcd to rot. 

White rlovrr 

100 

25 

Moss 

100 

29 

Buttemip 

100 

38 

Misoellniioous weeds 

100 

91 

Bent .... 

100 

89 

<^.ocksfoot 

79 

100 

Tall fescue 

54 

loe 

Yorkshire fog .... 

82 

100 

Actual yield of herbage (lb, per 



acre) 

1698 

201T 

Relative yield of herbage 

84 

100 


•cent. On referring to the relative yield of the various species it 
is seen that this difference was not distributed uniformly amongst 
all the species. In fact, the yield of white clover, moss and butter- 
cup was between three and four times as high on the plots where 
the herbage was removed after every mowing as on that on which 
it had been allowed to rot. The miscellaneous weeds and bent 
•also showed 10 per cent, increase in the same direction. The 
other species, however, showed a lower yield on the area where 
the cut herbage was removed. This reduction in yield amounted 
to 20 per cent, in cocksfoot ; 45 per cent, in tall fescue, and about 
68 per cent, in Yorkshire fog, as compared to their respective 
yields on the plot on which the cut herbage had been allowed to 
rot. 


DitcuMion. 

A study of the data collected from this experiment shows 
that each of the various pasture plants forming the sward was 
influenced in some way by the types of management adopted. 
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On this account the species can be grouped according to their 
reaction to the ^'arious types of management into : — 

Group 1 — those species which thrive best in the absence of 
the grazing animal. 

Group 2 — those species which thrive best under the influence 
of the grazing animal. 

Group 2 may be sub-divided according to whether the^ plants 
are favoured by hard grazing or by very light grazing into : — 

Group 2a — species favoured by light grazing. 

Group 2b — species favoured by hard, close grazing. 

Of the species which have been discussed in this paper^ 
sweet vernal stands alone in that it does not fall into either 
Group 1 or Group 2 ; it is just as plentiful on the plots which are 
grazed every week as it is on the plots which are mown; and 
further, the amounts present on the other grazed plots are similar 
to those on the untreated plot. One fact, however, stands out, 
namely, that sweet vernal did not thrive amongst tall herbage. 

# 

Gkoup 1. Species which thrive best in the absence of the 
grazing animal. 

Cocksfoot, tall fescue and the various weeds are the pro- 
minent members of this group. The first two species thrived 
exceptionally well on the plot which had been neither grazed nor 
mown for the last three and a half years. A comparison of 
Tables I and V shows that while the number of tillers of these 
two species was low on the mown plots, their yield was still 
lower compared to the yield on the untreated plot. This suggests 
that the individual plants of these two species were much stronger 
and better developed on the plot where there was least inter- 
ference by man and the scythe. On the grazed areas both grasses 
make their best growth on the undergrazed areas and their 
poorest growth on the overgrazed areas; this is much more 
noticeable in cocksfoot, which grass has practically disap- 
peared from the hard grazed plot. Thus it seems that these two 
grasses thrive best when there is least interference by man and 
his grazing animals. 

Miscellaneous weeds, or plants which are neither grasses 
nor clover, were more plentiful on the two mown plots, especially 
on the plot where the cut herbage has been removed. This indi- 
cates that when a pasture is being continually mown, and the 
herbage removed, it becomes more and more weedy. It is very 
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probable that this is largely a question of nutrition , the con- 
tinuous removal of the herbage, with no animal droppings to 
replace it, depriving the soil of its plant food material. As a 
result, the grasses are not so robust, and thus are not so well able 
to keep out the weeds, which on the whole are better able to live 
under poorer conditions than are the grasses. However, it is 
quite probable that if this continuous cutting is followed by the 
application of manures, the grasses and clover will be better able 
to keep the weeds in check. Referring again to Tables I and V 
it is seen that though the number of weed plants was higher on 
the mown plots, the yield of the weeds is twice as great on the 
untreated plot. This shows that each weed plant on the unmown 
area gave nearly three times as high a yield of herbage as each 
weed plant on the mown area. Probably this was due partly to 
the fact that («) the plants which were allowed to grow from 
year to year unhampered had stored more reserve food supply 
in their stems and roots, and were therefore more robust; and 
(h) different species of weeds predominated on the two plots. 
Yarrow, meadow vetchling, ox-eye daisy and bird’s foot trefoil 
were present in much larger quantities on the unmown area 
whereas smaller types of weeds such as buttercup, dandelion, 
plantain, self-heal, speedwell and woodrush were more prevalent 
on the mown plots. 

It was interesting to note that on the ungrazed, unmown 
area a few plants of bramble had come in, and whereas yarrow, 
ox-eye daisy and meadow vetchling were practically absent on 
the grazed areas, they were relatively plentiful on the ungrazed 
plots. On the other hand, chickweed and the smaller types of 
weeds were much more prevalent on the grazed plots. 

Group 2. Species which thrive best under the influence of 
the grazing animals 

Of the species which were present in appreciable amount on 
this experiment, three, namely, Yorkshire fog, bent and white 
clover, have shown a distinct preference for the grazing animal. 
In other words, they have all thrived much better on the grazed 
plots than on the ungrazed plots. However, their behaviour is 
very different on the grazed plots. 

Group 2o. Species favoured by light grazing, 

Yorkshire fog was favoured by being lightly grazed, that is, 
on the plots grazed every two months. Compared with the plot 
grazed every week it had two and a half times as many tillers on 
the plot grazed every two months, whereas the latter gave four 
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times as high a yield of tog. On the ungrazed plots Yorkshire fog 
thrived much better on the mown areas, especially where the cut 
herbage was allowed to rot, whereas it did very badly on the un- 
treated pasture where it gave less than 6 per cent, of its yield on 
the plot grazed every two months. 

Group 2b. Species favoured by hard, close grazing. 

Bent and white clover, on the other hand, have thrived best 
on the plots grazed every week, that is, continuous hard "grazing 
has favoured these two species. On the plot grazed every two 
months the number of tillers of bent has been reduced to about 
one-half ; whereas its yield has dropped to about two-thirds ; and 
on the non-grazed plots the number of tillers of bent and the 
yield of this species have dropped to between one-half and one- 
third of their value on the plot grazed every week. 

White clover, on the other hand, is much more sensitive than 
bent to changes in management. Compared with the plot 
grazed every week, the number of tillers of white clover has 
dropped to 40 per cent, and its yield to 16 per cent, on the plot 
grazed every two months, while both its yield and the number of 
tillers were below 1.0 per cent, on the ungrazed, unmown plot. 

Thus of the species dealt with in this paper, commercial 
cocksfoot and wild white clover have reacted in entirely different 
directions. Management which increased cocksfoot decreased 
white clover, and vice versa, while management which favours 
bent usually favours clover. 

Though the figures in Tables I and V showing the amount of 
moss on the different plots were obtained from different sources, 
they agree very closely. The figures for moss shown in Table I 
were obtained by picking-off all the moss from each turf during 
pasture analysis ; this was then washed, dried and weighed. The 
figures shown in Table V, however, were obtained by separation 
of the moss included in the pasture cuts. 

These figures show that the harder the degree of grazing the 
greater is the amount of moss, and that there is practically no 
moss present on the plots which have been allowed to grow un- 
hampered. 

Sumsamry. 

An account is given of an experiment set up to test the 
effect of different types of grazing management on the pasture 
produced. 

The data collected have been presented to show (a) the 
effect of management on the botanical composition of the sward 

(b) the effect of management on the yield, both as total 
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^iekl and the yield of the individual species after the pasture had 
been subjected to the various types of management over a range 
ot three and a half years. 

It has been shown that 

(1) Cocksfoot and tall fescue thrive best where there is least 
interference by man, while they are extremely poor on 
the hard grazed plots. 

(2) Weeds thrive best under mowing conditions. 

(3) Yorkshire fog was better on the grazed than on the un- 
grazed area, but that it was favoured by light grazing. 

(4) Bent and white clover thrive much better under grazing 
conditions than under mowing conditions, and within 
certain limits the harder the grazing the better do these 
two species thrive. 

(5) Moss is also encouraged by very hard grazing. 
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APPENDIX I. 

Showing the averi^e number of tillers of each species per sq. ft. on 
each of the plots in November, 1933. (Average of A and B series). 


Specieg. 

Plot 

1 

Plot 

o 

Plot 

fi 

Plot 

4 

Plot 

5 

Plot 

6a 

Plot 

eh 

Plot 

7 

White clover 

*%'.() 

75.K 

,39. H 

90.4 

63.8 

15.0 

5.8 

0.6 

Bent 

587.2 

757.6 

1034.8 

1135.6 

844.8 

407.2 

253.2 

887.6 

Yorkshire fog 

211.6 

140.4 

186.4 

87.6 

72.8 

72.8 

11*6.4 

49.6 

Tall fescue 

5.2 

9.6 

11.2 

8.4 

13.6 

12.8 

6.4 

85.2 

Cocksfoot 

6.4 

6.0 

3.6 

0.4 

5.2 

19.2 

22.4 

31.2 

Sweet vernal 

10.4 

8.8 

18.4 

39.2 

80.4 

40.8 

38.8 

10.0 

Fine-leaved fescue 

48.4 

58.0 

56.0 

80.0 

43.6 

29.6 

87.2 

10.4 

Rough-stalked 
meadow grass .... 

1S2.8 

68.8 

192.8 

180.8 

74.8 

65.2 

105.2 

68,0 

Crested dogstail .... 
Other species (or 
weeds) 

0.0 

6.0 

3.0 

5.6 

12.4 

6.2 

1.2 

1.6 

20.8 

48.8 

44.8 

102.8 

106.0 

111.6 

68.1 

40.6 

Total tillers 

1059.4 1 

1179.8 

1590.8 

1680.8 

1267.4 ! 

780.4 

65.*). 0 

! 637.8 

Moss by weight in 
grams per 
sq. feet 

0.64 

5.22 

I 

2.90 

8.18 

1 

8.10 

1 

7,42, 

2.42 

0.18 

Buttercup plants 

12.0 

1 

7.6 

6.0 

1 

11.2 

37.2 

46.0 

24.0 

1.6 

Buttercup seedlings 

I 2.4 

1 

1 19.2 j 

1 24.8 

1 67.6 

I 

1 .34.4 

1 9.6 

i 

! 2.0 

4.4 

Total buttercups 

I 

14.4 j 

! 

26.H ! 
! 

30.8 

78.8 

71.6 

55.6 j 

26.0 

6.0 

Weeds (excluding 
buttercups) 

1 

6.4 1 

1 

1 

22.0 1 
1 

14.0 

24.0 

84.4 

1 

.>(>.0 ! 

1 

42.4 

37.6 
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Showing the actual yield of species as hay (lb. per acre). (Average 
of A and B series). 


Species. 

Plot 

1 

Plot 

g 

Plot 

3 

Plot 

i 

Plot 

5 

Plot 

6a 

Plot 

6b 

Plot 

7 

White clover 

15 

52 

87i 

91 

42 

3.51 

91 

21 

Bent 

723 

1154 

1166 

11671 

758 

46.5 

290 

616 

Yorkshire fog .... 

82H 

559 

638 

2151 

1911 

197 

514 

40 

Cocksfoot 

153i 

25 

261 

H 

8 

591 

114 

2481 

Tall fescue 


64 1 

261 1 

511 

29 1 

•Wi 

1391 

1054 

Rough-stalked 
meadow grass .... | 

23i 

12 1 

851 

82 

10 

121 1 

45 1 

84 

Grass weeds .... 1 

1411 

117 

1681 

184 

249 

198 1 

182 

401 

Miscellaneous 
weeds .... | 

84 

891 1 

76 

1101 

1851 


270 

767 

Buttercup * .... 1 

18 

22 1 

1 lit 

— 

6 

1821 

m 

— 

Moss .... .... I 

1 


1 

1 

1 i 

1 

“ 

4 

51 









Seeds Mixture Exj^eriment. 


267 


APPENDIX III. 


Actual yield of iudividual species as pasture cuts. (Average of A and B 

series) . 


(Species. 

Plot 

1 

Plot 

S 

Plot 

S 

riot 

h 

V\o\ 

Plot 

6‘a 

Plot 

6h 

Plot 

7 

White clover 

tiO 

83 

59 

122 

57 A 

2S4 

7 

Trace 

Bent 

mi 

95(H 

994 

10744 

825 


.ill 

400 

Yorkshire fog 

637 

4.28i 

360 

1784 

194 

136 

531 

48 

(’oc'ksfoot 

189 

183 

51 

8 

18^ 

1001 

864 

290i 

Tall fescue 

117 

1084 

1894 

73 

43 

94 

145 

5764 

Rough-stalked 
meadow grass .... 

30 

65 

65 

824 

284 

84 

184 

28 

Grass weeds 

26H 

342 

3004 

231 

295 

198 

189 

220 

Miscellaneous 

weeds 

99 

61 

59 

14*04 

1204 

287 

2484 

849 

Buttercup 

27 

67 

694 

72 

119 

105 

52 

1 Trace 

Moss 

Uh 

234 

244 

65 

36,1 

354 i 

12 

i 7 

Total yield 

1 

22,32^ 

2312 

2172 

2047 

1 

17374 

1 H724 

1 1 

18554 

1 

i 1909 

1 


A SEEDS MIXTURE EXPERIMENT IN 
MID-CARDIGANSHIRE. 

By LL loRWERTH Jones, B.Sc., 

Welsh Plant Breeding Station, Aberystwyth. 


In recent years considerable attention has been paid to the 
study of seeds mixtures for the laying down of land to grass. This 
interest was intensified as a result of the Ploughing Orders 
enforced during the war, which caused many good permanent 
pastures to be ploughed up. After the war, with the fall in corn 
prices, attempts were made to re-lay this land to grass. The 
reports of the Ministry of Agriculture show that the area of arable 
land in 1925 was nearly Ij million acres less than in 1918, which 
means that about ^ million acres of arable land were laid down to 
permanent pasture every year during that period. 

The unsuitability of ordinary seeds mixtures for the forma- 
tion of permanent swards was clearly shown in these attempts at 
laying down land to grass. By the third year most of the sown 
species in the mixtures used had disappeared or thinned off con- 
siderably. After the second year, volunteer grasses, and in some 
cases a little volunteer clover, took the place of the sown grasses 
and clover. During this transition period the productivity of the 
pasture was very low, the sward being very thin with a high per- 
centage of bare ground, and in a number of cases the final sward 
was composed of inferior species as compared with the sward 
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nehich was ploughed. Consequently, the output from such 
pastures was far below its potential capabilities, and the farmer 
lost financially. 

One of the first problems investigated by the Welsh Plant 
Breeding Station was this question of seeds mixtures. Numerous 
experiments were conducted, using various species and different 
combinations of species, together with as many strains as 
possible of each grass and clover. The object was to find a 
seeds mixture which would form a good permanent sward in the 
shortest possible time. 

In the early years of these experiments it was realised that 
certain species were far superior to others in the formation of 
pastures, especially if care were taken to obtain the proper 
strains of such species. 

Usually a seeds mixture is expected to provide hay for one 
or two years, followed by a number of years of grazing. In these 
trials a modified form of the standard Cockle Park mixture was 
first employed, and subsequently the mixtures were greatly 
simplified. Consequently, in 1925, in conjunction with Mr. D. J. 
Morgan, Agricultural Organiser for Cardiganshire, the following 
seeds mixture was sown at twenty-five centres in mid-Cardigan- 
shire in order to obtain further evidence : — 

Italian rye{p:rnsK .... .... .... 2 lb. per acre. 

Wiki perennial rye-^rrass* .... .... li lb. per acre. 

R oil -stalked meadow grass .... 4 lb. per acre. 

Montgomery red clover .... .... 6 lb. per acre. 

Wild white clover .... .... .... 2 lb. per acre. 

* E.r wild white <*lovcr. 

The plots were 1 /10th acre in size, and were usually placed 
in the middle of a field surrounded by the farmer’s normal mix- 
ture, During the whole period the plot was left unfenced, so 
that it would receive the same treatment as the rest of the field, 
every farmer being given a free hand in the management of the 
field. 

The farmer’s mixture varied considerably from farm to farm, 
hut on the whole it was constituted as follows : — 

Average 

Seeding, Variation. 

(Ih, per acre). 


Italian rye-grass 

.... 4 lb. 

2— 6 Ib. 

Perennial rye-grass 

.... 16 lb. 

10—25 Ib. 

Cocksfoot 

... 5 lb. 

8 — 8 lb. 

Timothy 

.... 8 lb. 

' 2— 5 lb. 

Red clover 

.... 6 lb. 

3— 8 lb. 

Alsike 

... 8 lb. 

1— 5 lb. 


87 lb. 
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Some farmers also included one or more of the following: 
species ; — 


Meaduiv' fescue .... .... 1 — 2 Ih. 

Tall fescue .... .... 1 lb. 

Rou^li-stalked meadow gras.s | — ^2 lb. 

Wild white clover .... 4— I lb. on 8 farms. 

The total seeding varied from 25 to 45 lb. per acre, and in 
all cases the seed was of the usual commercial type, none of the 
more persistent strains — such as Montgomery red clover or wild 
perennial rye-grass — being used. 

During April and May, 1928, that is, during the spring of 
the third harvest year, the writer made a botanical analysis of 
the experimental mixture and the farmer’s mixture adjoining at 
twenty-one centres, the other four centres having already been 
ploughed. A brief report of this analysis appeared in the Cardi- 
ganshire Agricultural Organiser’s report for 1928, and the present 
paper gives these results in greater detail. During the summer 
of 1982, the seventh harvest year, my colleague, Mr. T. Emlyn 
Jones, made a further survey of the seven centres which were 
still unploughed, and he has kindly allowed me to incorporate 
his results with the data of the third harvest year. 

In addition to making a botanical analysis of the plots in 1928, 
the writer ascertained each farmer’s opinion of the experimental 
plot. The only serious complaint against the experimental plot 
was that it was later than the farmer’s mixture to start growth 
in the spring. According to most farmers this was more notice- 
able in the first and second harvest year when the fields were 
kept for hay. However, nearly every farmer pointed out that at 
harvesting time not only had the plot caught up the rest of the 
field but that in most cases it outyielded the farmer’s mixture. 
In addition, it was far more leafy and less coarse than the far- 
mer’s mixture. In fact, one farmer’s complaint was that his 
mowing machine could not cope with the dense, leafy hay of the 
experimental plot. All farmers agreed that the herbage on the 
experimental plot was more palatable than that on the rest of 
the field, and thus the pasture was kept much shorter. One 
farmer, however, complained bitterly about this, and said : I 
will not sow any of that mixture on my farm again. It gives no 
growth, and my young calves prefer to starve on that plot rather 
than graze any of the other areas where there is plenty of food for 
them.” Of course, he did not realise that if his calves were 
always grazing on that small area — 1 / 10th acre — and there were 
five calves, he could not expect to find much growth there. This 
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closer grazing of the experimental plot was noticeable at all 
centres^ and the dark green sward could be easily seen at distances 
of over a mile, standing out in contrast to the rest of the fields, 
on which some tall, burnt herbage occurred. 

The consensus of opinion among the farmers was, however, that 
the “ experimental plot mixture ** was decidedly superior to the 
“ farmer’s mixture.” 

The results of the analyses for both years are showi\ in Table 
I. These figures indicate that within three years the sward of the 
farmer’s fields consisted of 60 per cent, unsown species, and of 
only 40 per cent, of the species included in the seeds mixture. 
In 1932 (seventh harvest year) the replacement of the sown 
species b)^ unsown species had proceeded much further (on the 
farmer’s plot), the sown species contributing only 12.9 per cent., 
or about Jth of the total plants forming the pasture. In the 
case of the experimental plot the sown species took a far more 
prominent part in the formation of the sward. Even in the 
seventh harvest year the sward was composed of nearly 60 per 
cent, sown species, whilst in the third year the sown species 
accounted for over 75 per cent, of the tillers forming the sward. 
These figures show that the herbage of the experimental plot, 
even in the seventh year, was largely derived from the original 
seeds mixture sown ; while as early as the third year the farmer’s 
mixture was mostly composed of unsown grasses and clovers. 


TABLE I. 

Showing the percentage botanical composition of the farmer’s mixture 
area and the experimental plot. 



Farmer* s iruxture 
area. 

Experimental 

plot. 

Species, 

1918. 1 

mg. 

I logs. 

mg. 

Sown species 

89.3 

12.9 

75.5 

57.8 

ITnsown species 

60.7 

87.1 

24.5 

42.2 

Perennial rye-grass 
Rough>sta1ked 

21.1 

I 

6.5 

85.8 

80.8 

meadow grass 

i 8.9 

12.0 

20.8 

15.8 

Red cloTCr 

0.4 

Nil. 

8.1 

0.1 

White clover 

1 7.5 

t 

4.5 

16.8 

11.1 

Bare ground 

! 26.5 

14.6 

12.0 

18.8 

Moss 

11.3 

5.2 

6.8 

8.7 


A further comparison of the figures in Table I shows that : — 
(a) Perennial rye-grass, though sown at a similar rate in 
both mixtures, was far less plentiful on the farmer’s mixture area. 
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Even by the third year the amount of rye-grass in the sward 
from the farmer’s mixture was only half that in the experi- 
mental plot, while by the seventh harvest year, the latter con- 
tained five times as much rye-grass. This difference in persistency 
was due to the strain of rye-grass included in the seeds mixture. 
All the farmers used the ordinary commercial strain in their 
seeds mixture, whereas that of the experimental mixture was 
obtained from good, old rye-grass — white clover swards. 

(b) Rough-stalked meadow grass (which was included in 
only two farmer’s mixtures) contributed but a fraction of the 
total tillers in the farmer’s mixture area in 1928, while on the 
experimental plot, where it was sown at 4lb. per acre, it formed 
20 per cent, of the total number of tillers. By 1982 the rough- 
stalked meadow grass had trebled on the farmer’s mixture area, 
while on the experimental plot it had decreased slightly. 

(c) Red clover was very low in both cases, but there was 
distinctly more on the experimental plot than on the farmer’s 
mixture area. Probably this was due to the fact that the red 
clover sown in the plot was a Montgomery strain, while that 
sown by the farmers was a mixture of broad red clover and 
ordinary English late-flowering red clover in about equal 
proportions. This confirms previous results, namely, that 
Montgomery red clover is more persistent than other strains of 
that species. 

(d) Wild white clover seed was included in only three of the 
farmer’s mixtures. However, by the third harvest year it had 
encroached so much as to form about 7.5 per cent, of the total 
tillers of the sward in the farmer’s mixture as compared to 16.8 
per cent, on the experimental plot. In 1932 the amount of clover 
had slightly decreased on both pastures, but the experimental 
plot still had about two and a-half times as much white clover 
as the farmer’s mixture. 

(e) There was more than twice as much bare ground on 
the farmer’s mixture area in 1928. In 1982, however, the 
amount of bare ground was practically the same in both cases 
and was similar in amount to that of the experimental plot in 
1928. One striking point was the decrease in the amount of 
bare ground on the farmer’s mixture area between 1928 and 1982. 
Correlated with this is the marked increase in the amount of 
rough-stalked meadow grass in the farmer’s mixture area during 
this period. This suggests that at most centres the sward of 
the farmer’s mixture area was changing rapidly when the analysis 
was carried out in 1928. The sown species had to a large extent 



272 


The Welsh Journal of Agriculture. 


died out, while creeping grasses such as rough-stalked meadow 
grass and bent had not developed suflSciently vigorously to 
colonise this bare ground completely. Between 1928 and 1982, 
however, these grasses had spread and established themselves on 
the bare areas. 

(/) There was far more moss on the farmer’s mixture area 
than on the experimental plot both in 1928 and 1982. 

When the botanical analysis was being made in Slay, 1928, 
it was noticed that flowers of buttercups and daisies "were far 
more plentiful on the farmer’s mixture area. As a result, counts 
of the number of plants and flowers of these two species were 
made (see Table II). 


TABLE II. 

Showing the number of plants and flowers of buttercups and daisies per 
sq. yd. on the two mixture areas. 



No, of 
plants. 

No, of 
floircrs. 

No, of 
flowers per 
too plants. 

Buttercups. 




Plots 

31 

5 

* 16 

Fields 

68 

43 

64 

Dame». 




Plots .... .... 1 

52 

27 

50 

Fields 

90 

97 

109 


The number of plants of each of these weeds on the farmer’s 
mixture was about twice that on the experimental plot. This 
would suggest that in the case of the experimental mixture the 
sown species retained the ground so well that encroachment by 
weeds was rendered difficult, while the sown species in the 
farmer’s mixture died off to such an extent as to offer a large 
area of bare ground for weeds to colonise. In addition, however, 
it was noticed that the pasture on the experimental plot was 
grazed more closely than the rest of the field, and in many cases 
the farmers pointed out that the stock spent a larger proportion 
of their time on the plots in preference to the rest of the field. 
Thus it follows that these animals were bound to eat more of 
the leaves on the experimental plots and so retard the vegetative 
spreading of the plants. Furthermore, the figures relating to 
the number of flowers of these two weeds show that on the 
farmer’s mixture area there were four times' as many flowers of 
buttercups and more than twice as many flowers of daisies per 
100 plants as on the experimental plot. This suggests that the 
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extra stocking, together with the closer grazing on the experi- 
mental plot, has resulted in a decrease in the number of flowers. 
This may be due to flowering being inhibited or to a high 
percentage of the flowers being eaten by the stock. In any case 
a decrease in the number of flowers means eventually a smaller 
crop of seeds, and, therefore, fewer seedlings. 

Comparison of swards produced from the same seeds mixture. 
This experiment also afforded an excellent opportunity of 
studying the sward produced from the same seeds mixture— the 
experimental j)lot — under different conditions. For this purpose 
the swards are grouped according to : — 

(1) Altitude. When the swards are divided into two groups 
according to whether they are situated higher or lower than the 
700 ft. contour (see Table III), it is shown that a smaller percent- 
age of sown species was able to survive at the higher elevation. 
As a result there was more bare ground and moss at the higher 
elevation. 

TABLE III. 


Comparison of the swards produced from the experimental mixture at 
different altitudes (1928). 




Percentage of 


.*1 Ititvde, 


Sown 

species. 

Weeds. ; 

Bare 

ground. 

Amount of 
moss. 

Centres below 700 

ft. 


19 ! 

fi.S 

9.5 

Centres above 700 

ft. 

74 i 

I 26 

7.5 

14.8 


(2) Percentage soxen species forming the sicard. A grouping 
of the swards according to the percentage sown species into three 
groups is shown in Table IV. In the best pastures were included 
all those plots which in 1028 consisted of over 90 per cent, of 
the herbage as sown species. In the poor pastures, the plots 
which consisted of less than 70 per cent, of sown species were 
placed, while in the medium pastures were included the plots 
between these extremes. 

Table IV shows that : — 

(a) The unsown grasses and the miscellaneous weeds 
increased at a similar rate from the best to the medium pastures, 
but the unsown grasses accounted for all the increase in unsown 
species between the medium and the poor pastures. 

(h) Bare ground and moss increased markedly from the best 
to the medium and the poor plots. In fact the plots with the 
lowest percentage sown species had over two and a half times as 

R 
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much bare ground, and three and a half times as much moss as 
the best plots, which contained the highest percentage of sown 
species. 

TABLE IV. 

Comparison of the percentage of sown species and the type of sward 

produced ( 1928 ) . 


PervvnUujv Soirv Sprrlat. 


1 

Ot'er 90 per 
rent: areraffe 
9/) per rent. 

70-00 per 
cent. ; 
average 

SI per cent. 

Under 70 per 
rent : are rage 

57 per rent. 

(Jnsown brasses 

3.0 

10.5 

35.0 

MisrellaiH'oiis weeds 

2.0 

8..-> i 

8.0 

Hare jrrnund 

.5.0 

12.0 

14.5 

\fnss 

1 

2.7 

1 1 

0.0 ; 

9.5 


Percentage of white clover present. 

In Table V the swards have been divided into two groups, 
according to the percentage of white clover present. The chief 

TABLE V. 

Comparison of the percentage of wild white clover and the type of 

sward produced. 



1 A mount of white clover. 

0.0 per rent , — 75.5 per 
rrnl.: arrrugr IS.ft per 
cent. 

/r.5 per rent. — per 
rrnt. ; nr r rage SI .0 per 
cent. 

T'nsowii grasses 

18.2 ] 27.1 per rent. 

12.0 1 10.1 per rent. 

Miscellaiie^nis weeds 

r 

i.l f 

Hare ground 

11.5 

[ 11.8 

Moss .... 

8.0 

1 4.4 

i 


points noticed with the higher amount of white clover in the 
sward are : — 

(n) The smaller amounts of weeds, notably weeds which are 
not gras^i. To some extent this would be expected, as it is known 
that nitrogenous manures favour grasses far more than they do 
the weeds of a pasture, and the probability is that the nitrifica- 
tion associated with white clover, in addition to favouring the 
better sown grasses, also helps the unsown grasses, but gives 
little or no benefit to the weeds. This encouragement of the 
grasses must have an adverse effect on weeds on account of the 
keener* competition brought about by the increased growth of 
the grasses. 
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(b) That it had practically no effect on the amount of bare 
ground. 

(c) That the amount of moss is considerably reduced. This 
is better shown in Table VI, which is based on the same data 
as Table V, plus data collected on the farmer’s mixture area at 
each centre, and is arranged so as to give four groups for each 
of the two mixtures. The centres are grouped according to the 
percentage of wild white clover in the swards. 

TABLE VI. 

Showing the effect of the amount of white clover on the moss content 
of a sward. The figures in brackets refer to the number of centres in 

each group. 


{iHOvnt of white rhn'cr 
in tnr sward. 


.1 mtiiiut of mnnH in 

sv'ard. 

Farmer'.^ 
mix tare. 

; V.xperimental 

1 mixtvre. 

1 A rerag 0 of 
i / k)//* i/rc.s. 

— 5.0 per i-eiit. 

13.2 (•>) 

I — (0) 

i 18.2 (9) 

5 — H‘.0 per eeiit. 

12.0 (71 

' H.7 (S) 

i 10.2 (15) 

I ! —20.0 per cent. 

in.n (8) 

•■>.1 (71 

' 6.<> (10) 

( )\ <‘r 20 p('r cent. 

1 

2..5 (1) 

1 

, t.A (.i) 

! (fi) 

1 


The figures in Table VI show that the higher the white clover 
content of the pasture the smaller is the amount of moss present. 
Swards containing less than 5 per cent, of white clover had more 
than three times as much moss as swards containing over 20 per 
cent, white clover. Considering that white clover is a source of 
nitrogen to the soil, this result is not wholly unexpected, since 
nitrogenous manures tend to decrease the moss in a pasture. 

Propensity. In the first part of this paper it was shown that 
“ unsown grasses ” formed a high percentage of the pastures 
examined. This is nothing new, as it is well known that after a 
few years most pastures ‘‘ revert ” and finally consist of grasses 
and clovers which were not included in the seeds mixtures sown 
some years previously. A very important question arises from 
this, namely, to what extent should the natural herbage of a 
field affect its seeds mixture? One has often been told that 
on certain fields it is unnecessary to sow seed of wild white clover 
and rough -stalked meadow grass, as these species are natural ” 
or prepense to them. An inspection of such fields in their third 
or fourth harvest year usually reveals the fact that though these 
“ natural ” and desirable plants are present in fair quantity their 
numbers are far below what one would consider satisfactory. 
Data collected in this survey throw further light on this question, 
as is shown by Tables VIT and VIIT. 
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TABLE VIl. 

Comparison of the percentage white clover on land where it had not 
been sown with its percentage contribution on the same land when sown. 



Fanner^ a Mixture Area. 

Kxpcrimetdal Plot. 

Wild white chn^er not sown. 

Wild white eloper sown at t Ih. 
per acre. 

1 . . 

Range. Average. 

- - .... 

Range. .\rerage. 

Group A .... 
(ffoup 15 .... 
Group C .... 

! Per cent. 

j I’lider 5 per cent . .S.3 

1 .5.0—10.0 per <‘eTit, 6.7 

! Over 10 per cent. 1 1.1 

Per cent. 

9.0 — 22.0 per cent. . , I.S.8 
15.0 — 21.0 per rent. .. . irt.o 
I.5..5 - 2f).0 per cent LM.O 


In Table VII all centres containing less than 5 per cent, of 
white clover in the pasture on the farmer’s mixture area are 
placed in one group — Group A : those containing between 5.0 per 
cent, and 10.0 per cent, are placed in Group B, while those with 
more than 10.0 per cent, are placed in Group C. The average 
percentage of white clover was then found for each of these 
groups, both in the pastures derived from the farmer’s mixture 
in which no wild white clover had been sown, and also in the 
experimental plot, where it had been sown at 2 lb. per acre. 

Table VII shows that where wild white clover spread rapidly 
in a pasture where it had not been sown, that is, where wild 
white clover was propen se to a pasture, it flourished still better 
when sown. On the other hand, fields in which white clover 
appeared in only small amount if not sown, were also relatively 
poor in white clover even where it had been sown. Thus the fact 
that white clover is propense to a certain field is an additional 
reason for including a pound or two of this species in the mixture, 
as it has alreadv been shown that stock do much better on a 
pasture containing a high percentage of white clover than on a 
pasture from which white clover is absent or in which it occurs 
in hut small amount. 

TABLE VIIL 

Comparison of the percentage of rough -stalked meadow grass on fields 
where it had not been sown with its percentage contribution on the 
same land when sown. 



P<rr»uer\s* ^f{.rture Aren. 

Experimental Plot. 

Hon gh -at allied meadow ffrass 
not sown. 

Ronnh-Ftalked meadow grass 
sown at // Ih. per acre. 

Range. Average. 

Range. Average. 

Group A .... 
Group B .... 
frroup C .... 

Per cent. 

Tinder 1..5 per cent 0.5 

2, 0—^.0 per cent. .... 2.5 

Over 4 per cent. . .. 10.5 

Per cent. 

10.0 — 21.0 per cent .... 15.5 

14.n— 2f>.0 per cent 22.2 

22.0— 2^.0 per cent 27.5 
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Rough-stalked meadow grass also has a tendency to establish 
itself in pastures without being sown. This tendency varies from 
field to field, as is shown in Table VIII, where the figures for this 
species have been arranged according to the same plan as that for 
white clover in Table VIl. These figures, like those for white 
clover, show that where this grass had not encroached, or had 
encroached but slightly on a pasture when it had not been sown, 
it did relatively badly when sown ; on the other hand, fields on 
which it established itself well when unsown, contained 
exceptionally large amounts of it on the experimental plot where 
it had been sown. 


Summary. 

A comparison is inadt between the swards produced from 
the ordinary mixtures of grass and clover seeds sown by the 
farmers and an experimental mixture recommended by the Welsh 
Plant Breeding Station. 

From the cropping point of view, nearly all the farmers 
maintained that, although the experimental plot was later in 
starting growth in the spring, it yielded a larger and liner hay 
(*rop than their own mixtures. 

It was also agreed that the herbage on the experimental 
plot was more palatable to stock, with the result that it was 
always closely grazed. No discoloured foggage was found on 
this plot, hence its striking green appearance on the middle of 
each field. 

Botanically the experimental plot was a success in that it 
contained 

(1) A innch higher percentage of the sown species. 

(2) Much more wild white ch»ver. 

(3) Fewer weeds. 

(4) A smaller percentage of bare ground. 

(5) Much less moss than the farmer’s mixture area. 

In the second part of the paper a study is made of the effect 
of different conditions on the botanical composition of the experi- 
mental plot. 

It is shown that : 

(1) The sown species disappeared more quicklv from a 
sward at higher elevations than at lower elevations. 

(2) As the percentage of sown species surviving decreased 
the amount of bare ground and moss increased rapidly. 

(8) Where white clover was plentiful the moss content of the 
sward was low. 
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In the last section of the paper it is shown that in fields 
where white clover and rough-stalked meadow grass had a 
tendency Lo establish themselves well in the pasture when not 
sown, they did extremely well when sown, whereas on fields from 
which they were absent or on which they occurred but sparsely 
when not sown, they did relatively badly even when sown. Thus, 
even when a valuable grass or clover is “ propensc ’’ to a field, 
the farmer should include it in his seeils mixture, and not be 
content to wait until it appears naturally. 


THE INIMRAL EFFECTS OF 
CRESOAKING ON THE SEEDS OF OATS. 
By R. G. Walker, £.Sc., 

L'niversity ( ullcgr, Aberystwyth. 


It has been shown by several investigators (1, 2, 5) than an 
acceleration of germination follows upon presoaking the seeds ’’ 
of oats and that this in turn may favourably affect the 
later growth of the resulting plants (4). In all such work, the 
period of time during which soaking took place was comparati^ ely 
short, and the seeds showed no injury from the subsequent drying 
to which they were exposed; it would seem probable that were 
the period of soaking to be prolonged, the seeds might pass into 
a condition in which they were no longer tolerant of being again 
dried. The experiments which are briefly described below were 
carried out in order to determine this matter. 

Methods and Results. 

Throughout the entire investigation a single sample of 
Ceirch-du-bach oats was employed. This had been raised at the 
Welsh Plant Breeding Station, and approximated closely to a 
‘‘ pure line.’’ The presoaking was carried out in small (9 cm. 
di am.) Petri dishes; 20 c.c. of distilled water were measured into 
each dish, which contained 100 seeds. The amount of water was 
just sufficient to float the seeds, but was not deep enough to 
allow of their sinking below the surface after swelling of the 
grain had occurred. 

The germination medium consisted in , the first experiments 
of a thick pad of filter paper contained in a large (14.5 cm. diam.) 
Petri dish. The filter paper was first saturated with distilled 
water, and the excess water poured away ; one hundred seeds were 
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placed ill each dish. The dishes were placed in a cuplioard out-of- 
doors and a daily record of the temperature was kept by means 
of a rnaximuni-minimum thermometer. The results in each case 
are percentages of 300 seeds. 

The seeds were put to soak at a temperature of T^C. for vary- 
ing periods with a difference of 12 hours between each, uj> to a 
maximum of 90 hours. Visible germination commenced in those 
seeds soaked for 72 hours and over. All the seeds were put out 
to dry on filter paper at the same time, and dried for a ])eriod 
of 24 hours at room temperature; they were set to germinate 
together with a control. Table T expresses the results. The 
roots of such seeds as had germinated during soakirig had 
shrivelled in consequence of the subsequent desiccation ; with 
these, “ germination ” in the table means the appearance of new 
roots or root-hairs, after setting out on the germination medium. 
Tn some eases no roots appeared, but water absorption took place 
directly, without the aid of root-hairs, and shoots aj)peared. 
These were not recorded as ‘‘ germinated ” for a stage was 
reached, after which no further growth took place, and the 
seedlings died back. Reference will Ix^ made to this pc ini later. 


TABLE I. 

Germination of oats after increasing periods of soaking in water. 


( 

»’ erwiiHifiiyn 
per rrnl. 

i 

j ('iinirol. 

i 



Soaked. 


hou ra 

GO 

hours 

72 

hov rs 

s/, 

hou rs 

96 

/lOID'S 

Aftrr 

•J days 

\ Nil. 

V2A) 


Nil. 

Nil. 

Nil. 

M'ivv 

days 

1 Nil. 

: 

; .yj/G 

V2M 

1.3 

2.0 

After 

i days 

1 .“>7.0 

SO.'i 

I 

37.6 

14.8 

9.3 

A f i er 

") days 

I !I7.0 

‘M.2 

; 95.6 

48.6 

16.9 

18.6 

After 

6 days 

j 

1 


52.0 

28.5 

18.6 

A ftrr 

7 tlays 

i 



55.0 


! 

After 

10 days 

1 

1 

1 

1 

1 

! 59.3 

38.4 

1 29.0 

1 


J’t’inpcnitun* rMii^rc \\(*rrtge 6.6®C. 

An acceleration is shewn by both the samples which have 
been soaked for 48 and dO hours respectively. The soaking and 
redrying in the other three samples (soaked for 72, 84 and 9C 
hours respectively) ha\'e quite evidently been injurious. Germina- 
tion is slower, and also the total germination is much less than 
that shewn by the control. 

Soaking for a period slightly less than that required for visible 
germination (60 hours in the above table, but this period is 
dependent on temperature) had no adverse effect, when the seeds 
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were germinated on filter pads, but it is interesting to determine 
whether the same is true of seeds sown in the field. 

Four samples of seed were treated as follows : — 

A. Control, untreated. 

B. Soaked for a period less than that required for visible 
germination (24 hours at 15°C.). 

C. Soaked for a period very slightly less than that required 
for visible germination to take place under the prevailihg condi- 
tions (42 hours at 15X.). 

D. Soaked for a period in which germination occurred. 

The last three samples were put out to dry at the same time, 
and were dried for 24 hours. They were sown in drills, 10 gm. 
per drill, in a uniform piece of ground ; the drills were 8 feet long, 
li inches deep and O inches apart, and each drill was replicated 
eight times. The germination results are expressed as percent- 
ages in Table II. 


TABLE II. 

Germination in the held of oaU soaked for increasing periods. 


Germination 
per cent. 

.1 ; B 

, _ C ____ , D 

.A-fter 5 days 

1.^1 

± 

0,03 

;}7.85 

± 

0.92 

17.()7 

± 

0.44 

5.48 

± 

0.14 

After 6 days 

4 1. US 

± 

l.CKJ 

83.98 

± 

2.05 

59.54 

± 

1.45 

29.86* 

± 

0.73 

After 7 days 

74.78 

± 

1.87 

91.44 

± 

2.30 

77.19 

± 

1.90 

50.33 

± 

1.23 

After 8 days 

88.98 

± 

2.17 

95.42 

± 

2.33 

87.18 

± 

2.12 

59.42 

± 

1.48 

After 10 days 

96.43 

± 

2.35 

99.92 

± 

2.22 

93.28 

± 

2.27 

67.81 

± 

1.65 


Sample C, the seeds of which were soaked for a period 
slightly less than that required for visible germination, shews 
less acceleration than sample B. Some injury, therefore, results 
if presoakiiig is continued to this point, Vmt is not apparent if 
the seeds are germinated on filter paper. Comparing Tables I 
and II, the maximum figures for the D sample in Table II are 
much higher than the corresponding figures in the last three 
samples in Table I. It has been mentioned, in connection with 
Table I, that many seeds produced shoots but no roots. These 
grew to a considerable height, and the first leaf in most cases 
emerged. These would be counted as germinated in the field 
though, as on filter pajjer, they subsequently died back. Pre- 
soaking, therefore, has a beneficial effect on germination only 
when the treatment is carried out for a short time (24 hours at 
]5°C.) compared with that required for germination. 
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When all the seedlings had germinated, they were singled 
until those left were approximately 1 in. apart. This was neces- 
sary in order to make each row uniform because, as the figures 
indicate, some were denser than others. A series of weekly 
measurements on the height of tlie seedlings was commenced to 
determine whether the pre-soaking of the seeds affects subsequent 
growth of the plants. The first measurement was taken three 
weeks after the date of sowing. The results are presented in 
Table III, the figures giving the average height in millimetres of 
200 plants, and, in the second column, the increase in height over 
the previous readings is shown. 

From Table II it is seen that germination of the fourth 
sample, D, was much slower than that of the control, and 
Table III shows that the average height resulting from the 
former is less. No significant difference is apparent in the 
average height of the other three samples, and also the average 
height of all four samples increases at the same rate (at least 
until seven weeks from the date of sowing). This would seem 
to lend support to the conclusion of Knott (8), who found that 
soaking seed of beet, cabbage, and tomato bad no definite 
influence on later growth and yield, if the plants from soaked and 
from dry seed appeared above ground at the same time. The 
“ efficiency index ” of a plant being highest in the early stages, 
favourable conditions at this time will have a marked effect on 
growth. The increase in vigour of plants obtained by many 
workers, as a result of j)resoaking the seed, would seem possibly 
to be due to the fact that plants from presoaked seed, appearing 
above ground earlier, have experienced more favourable climatic 
conditions during the initial stages of growth. 


Discussion. 

The results described above have some significance to agri- 
(‘iiltural practice with reference to the weather conditions which 
may prevail at the time of sowing and of harvesting grain. After 
cutting, the grain is left standing in the stook for upwards of a 
fortnight, and if wet weather occurs at this time, it is a matter 
of common observation that germination of the seed often follows. 
When, however, this wet weather is of short duration and is 
followed by warm, dry days, the seeds will be comparable to 
those soaked and dried in the foregoing experiments ; the same is 
also true of lodged grain which becomes saturated with water, 
and is subsequently harvested. In such cases even if the emerg- 
ence of the radicle has not taken place, the initial stages of the 
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germination will have been passed through, so that, in the light 
of the results in Tables I and II, the effect will depend on the 
advancement of the stage reached when drying begins. 
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The results also give some indication of the effect on the 
seed of moist conditions at the time of sowing being followed 
soon afterwards by drought — an alternation which sometimes 
causes “ malting ” of the seeds. The effect of drying on the 
soaked grains is seen from Table II to depend on the stage to 
which germination has proceeded by the end of the period of 
soaking. Up to a stage just preceding the emergence of the 
radicle the seed suffers no adverse effect from drying, but at this 
and subsequent stages the drying has very definitely a deleterious 
action. When, then, sowing is followed by a period of drought, 
the injury produced will depend on the duration of the initial 
moist conditions. It ought, however, to be noted that the situa- 
tion suggested here is only likely to obtain with extreme rarity 
in the case of oats, since they are almost invariably sown at a 
time of the year when any rapid alteration in soil moisture does 
not occur. 


Summary. 

1. Soaking the seeds for periods up to the time in which 
germination occurred, followed by re-drying, was found to in- 
crease the energy of germination, when the seeds were germinated 
on wet filter paper, but, when the seeds were sown in the field, 
soaking for a period slightly less than that in which germination 
occurred was found to be injurious. 

2. Soaking for periods in which visible germination occurred, 
followed by re-drying, w^as found to be injurious, both when the 
seeds were germinated on filter paj^er and when sown in the field. 

3. No increase in \'igour of seedlings was obtained as a 
result of presoaking, but the initial advantage of earlier germina- 
tion is maintained during later growth. 
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THE EFFECT OF “ CEKESAN ’’ ON THE 
GERMINAIION OF ORASSSEEDS. 

By H. G. Chippindale, M.Sc., 


Welsh Plant Breeding Station, Aberystwyth. 


The trade-preparation Ceresan ” is one of the many 
compounds which have been claimed to cause a stimulation of 
germination. By the latter expression has usually been meant 
an acceleration of the initial development of the seedling, and 
such an effect has been shown by Sampson and Davies (2)^ in the 
case of wheat to be due solely to the fungicidal action of the 
compounds employed and not to any true physiological stimula- 
tion of the seed. Experiments performed by the present writer (1) 
into the possibility of stimulation by several chemical compounds 
also gave entirely negative re.sults. The markedly lieneiicial 
effects, however, which have followed the treatment of cereals 
with Ceresan ’’ in practical agriculture make it desirable to 
determine exactly the action of this substance on grass-seeds, 
since the germination of the latter in the hekl is often unsatis- 
factory. 

The seeds used in the present experiment were a sample of 
indigenous cocksfoot (IJactffUs gloineratrr) grown in Britain, and 
commercial samples of tall fescue (Festuca rlatior) and red 
fescue {F. rubra) ; the samples had been stored 5-12 months from 
the time of harvesting. These three species of grass were chosen 
because of their being characterised by slow (and sometimes poor) 
germination, since this increases the likelihood of any differential 
behaviour b} the treated seeds being revealed. 

The Ceresan powder was added to the seeds in the propor- 
tion of one part Ceresan to one hundred, two hundred, six 
hundred and one thousand parts by weight of seed respectively, 
and intimately mixed with the latter by shaking vigorously in 
a closed phial for five minutes. The seeds so treated, together 

1 Much of this work wns directly^ concerned with the operation of the 
com|)OUTid “ Tillantin R — a preparation synonymous with ‘‘ Ceresan.” 
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with controls were set to germinate on moist fQter-paper discs 
and in sterilised soil. The details of these methods have been 
given in a previous publication (1), but it should be noticed here 
that in the former case the visible germination of the seeds is 
alone involved, whereas the results obtained from the soil experi- 
ments may be influenced by any effect which may operate on the 
initial seedling growth. Any action which the Ceresan may have 
on the later growth of the seedlings has not been considered in the 
present work. 

The figures in all the tables are in each case averages 
obtained from three hundred seeds. 

TABLE. I. 

percentage germination in sterilised soil of seeds treated with Ceresan 
(temperature 10*' 22 ’C. Average 15°C.). 



A ffrr ■ 

I "V 

^ fiavB. 

1 

After 

10 

dav-s. 

A fter 

U/ 

After '■ 
1f< ' 

f ! u II a . ! 

\fler 

(lays. 

r>. qlorurrata Tntreated 

1 U.V, 

35.(! 

52.fi 

! 

' 70.6 ' 

79.0 

.. + riOO Ccrcsnn 

1 9.6 

23.6 

45.3 

' 60.6 

81.6 

,, 1 1 200 Ceresan 

1 13.6 

25.3 

41.3 

."I. .3 ' 

70 .2 

,, 4- 1/600 Ceresan 

' 13.6 

2T.8 

4.5.0 

' .*»9.0 ’ 

70.0 

-f 1/1000 Ceresan 

19.6 

ni.8 

.*)6.6 

Ti.n 

1 

81.3 

F. rubra Untreated 

1 

7.0 

20.0 

I 1 

' 21.6 i 

23.0 

H- 1/100 Ceresan 

' 

■ 1.0 

6.3 

0.6 ' 

16.3 

-h 1/200 Cen'saii 

1 1 

' 4.0 ' 

! 18.3 

' 20.6' 

23.6 

,, •+ 1 /60() Ceresan 


' 6.3 

! 16.6 

IS.O I 

20.6 

-f 1/1000 CfM’C'-an 

1 ' 

6.0 i 

1 15.0 

1 

18. ' 

! ; 

18.6 

F. r/afior ITntreated 

1 1 
46.3 

! 65.3 

1 

I T0.8 

! ! 

' ! 

72.3 

f 1/100 Ce resun 

21.0 

1.“».6 ' 

.59.0 


73.6 

f 1/200 Ceresan 

’ 32.0 

,'i5.3 > 

! 68.0 


68.0 

-f 1/600 Ceresan 

! 46.3 

: 63.6 

1 70.6 


75.0 

,, f 1/1000 Ceresan 

' 38.6 

' 62.0 

! 69.3 


72.0 


Consideration of Tables T — ITT shows that neither from the 
seeds in soil nor from those on filter paT>er is there any evidence 
of any acceleration of germination by the Ceresan ; on the con- 
trary, a definite retardation has resulted from its application at 
the higher concentrations. The variation in the latter (x^iz., from 
one in a hundred to one in a thousand) is extreme, yet the 
inimical action of the Ceresan in delaying germination is not large 
over the entire range, and moreover, the final germination of the 
treated seeds approaches, and in some cases slightly exceeds, that 
of the controls. It is, therefore, clear that the Ceresan is com- 
paratively innocuous to the seeds themselves, and that an exact 
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precision in the application of the compound is not required. 
These properties are rare in fungicidal substances, but where 
present, both greatly facilitate the use of the latter in farming 
practice; the fact that Ceresan possesses them in an eminent 
degree suggests that its use by practical men should be attended 
with little risk of serious injury to the seeds treated. 

TABLE II. 

Percentage germination on filter-paper discs of seeds treated with 
Ceresan. (Temp. 3"^ — 12®C. Average 8°C.). 



A fifr 

Ifi 

Anytt. 

* 

Afh-r 

17 

Aay». 

1 After 

1 days. 

I . 

A ffcr 
fifi 

days. 

D. qlnmoratn Untn'otcnl 

36.0 

! 12.6 

71.6 

77.0 

■f 

1/100 Ceresnii . . 

25.0 

! rn.o 

70.0 

77.0 

■f 

1/200 Cercsnii . . 

19.0 

no.f) 

! 64.6 

72.0 


1/600 Crrosfln .. 

2i.n 

SVJJi 

66.0 

70.3 

F. Uvhrn. 

rntreatccl 

T.6 

I 

i 12.0 

1 11.6 ! 

! 48.0 

-f 

1/100 Ceresan . 

1 3.6 

! 7..1 

' 42.3 1 

1 52.6 

1- 

1/200 Ceresan 

1 S.O 

1 10.0 

1 .'•>4.0' 

1 ,50.6 


1/600 Cerssnn 

1 :>.o 

1 

! M.O 

1 

1 40.3 

1 

1 .56.0 

F. vlatior. 

Untreated 

1 

i .'>1.6 

I 

' 5«.0 

1 

1 70.0 

71.0 

f 

1/100 Ceresan .... ! 

2.3.0 i 

01.0 

1 72.0 ! 

71.0 

-f- 

1/2(X) Cere.san . ! 

1 .>1.0 

! 57.6 

1 71.6 1 

71.0 


1 ^600 Ceresan . .. ' 

! .>2..3 

i 50.0 

1 70.0 1 

71.6 


TABLE III. 

Percentage germination on filter-paper discs of seeds treated with 
Ceresan. (Temp, about 17°C.). 




j .4 ft or ! 
1 7 ] 

1 days. ! 

1 ’ ...1 

A ficr 

c. 

.1 fter i 

days. 

.... 

After 

18 

day$. 

n. qJnm^ratd. f^ntreated 

3.0 

6.6 

64.6 

75.6 

f l/6fK» Ceresan 

2.3 

5.0 

62.0 

70,0 

'\ \ /1 000 Ceresan 

1,3 1 

2.0 

62.0 I 

60.6 

F. rubra. Untreated 


14.6 

1 26.6 

27.3 

+ 1/600 Ceresan 


1 13.0 

! 28.6 

1 24.6 

,, + 1/1000 Cere.san 


1 14.3 

1 26.3 1 

' 1 

1 26.6 

1 

P. elatior. Untreated .... j 

1 

64.3 1 

72.6 ! 

! 

76.6 1 

76.6 

4’ 1/600 Ceresan 1 

1 .36.3 1 

! 69.0 1 

74.0 1 

74.6 

„ -f 1/1000 Ceresan 

1 60.0 ! 

1 ' 

1 78.6 

1 

77.6 1 

1 

1 78.6 

1 
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Although it is necessary to emphasise that no physiological 
stimulation can be attributed to the Ceresan, the peculiar way 
(particularly with D. glomerata) in which increments to the 
number ot germinated seeds continue to occur over a long period 
of time with the treated samples (so that the final germination 
of the latter may slightly exceed that of the controls) shows that 
some benefit may accrue to the slower-germinating seeds from 
the application of the compound, and suggests also that such 
benefit is the result of a protection of the seeds against fungal 
attack. Evidence that this supposition is correct is provided by 
the behaviour of seeds which have remained dormant in the soil 
for a considerable time owing to conditions unfavourable to 
germination obtaining. 


TABLE IV. 

Percentage germination (at the higher temperature) in sterilised soil 
of seeds treated with Ceresan, left for three weeks at 4.5^C., and 
afterwards removed to a higher temperature. 



1 ! 

} A ft or I 

\ ' r. \ 

' (1nyn. I 

I 

.1 ffPT ! 

• 7 1 

days. 1 

.4 ffer ! 
' ‘11 1 

! days. 1 

t ■ 1 

A fler 

1 

days. 

P. ruhrn. Untreated 

i 

1 1 

! iO.O 

1 ' 

1 52.8 

i 

1 .54.8 

.. -f- 1 '1000 Teresa?! 

' l‘2.0 

* 41.0 

! 51. S 

1 .56.8 

F. plat lor. Untreated 

' 1.5.0 

f no.o 

! .84.8 

87.0 

-f- l/fOOO Ceresan 

! 20.;? 1 

! 1 
1 1 

1 .52.fi ! 

1 J 

! 58.8 

1 


The results given in Table IV were obtained from seeds the 
germination of which had been inhibited over a period of three 
weeks by the maintenance of a low temperature (about 4.5T.). 
At the end of this time, the dishes containing the seeds were 
transferred for seven hours of each day from that temperature 
to one of 22®C. ; the figures in the table represent the germination 
which immediately followed this alteration. It will be seen that 
the beneficial effect of the Ceresan is immediately operative from 
the commencement of germination — a result strongly suggestive 
of prevention by the Ceresan of fungal invasion of the seeds 
during the inhibitory period. The seeds used in this experiment 
had been harvested more recently than those described above, 
and a control experiment in which the alternation of a tempera- 
ture of 4,5®C. with one of 22T. was maintained from the 
beginning, was carried out using these younger seeds. The results 
are not, however, tabulated, since they resemble those summa- 
rised in Table I, 
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A similar increase of initial germination due to Ceresan 
treatment {cf. Table V) has been obtained in the case of cocksfoot 
seeds kept at a favourable temperature in soil rendered unsuited 
to germination by excessive moisture. There can, therefore, be 
no doubt that the slight apparent acceleration of germination, 
which in these later experiments (Tables IV and V) has followed 
treatment with Ceresan is due to the fungicidal action of that 
preparation. 


TABLE V. 

Percentage germination of seeds treated with Ceresan in soil excessively 
wet. (Temp. 22°C. for 7 hours and 4.5°C. for 17 hours of each day). 


I 



1 

1 

A ffer 

10 

dayn. 

! A fter ! 

' If, ! 

I days. ! 

A Iter 

S8 

days. 

! After 

\ io 

1 days. 

D. qlomerata. Untreated 

T' 

8.8 

1 i' 

1 n.!! 1 

18.3 

1 

•J7.fi 

,, -f 1/200 Ceresan 


5.3 

1 15.0 1 

27.0 

' 34.8 

,, -j- 1/1000 Ceresan 

i 

1.8 

! 1.S.3 ! 

21.0 

' 33. .3 


It seems possible from these results that the Application of 
Ceresan to grass-seeds previous to their being sown in the field 
might often be markedly beneficial in practical farming, the value 
of such an application increasing in proportion as the conditions 
under which the seeds were sown were inimical to germination. 
A suitable proportion to use would seem to be one part of Ceresan 
to six hundred or one thousand parts by weight of seed. 

Any definite recommendation of such employment must, 
however, await the result of experimentation on a large scale 
under field conditions. 
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‘ SUCTION-FORCE ” MEASUREMENTS ON 
THE SEEDS OF SOME VARIETIES OF 

OATS. 

By R. G. Walkee, B.Sc., 

University Collepfe. Aberystwyth. 

Attention was first directed to the possibility of a correlation 
between the osmotic properties of seedlings and the subsequent 
growth of the resulting plants by Eibl in 1926 (4; 5) who found 
a direct correlation between high suction-force and early maturity 
in wheat and rye. In later years many investigations into this 
subject have been made, but since a fairly comprehensive review 
of the literature has already been given in this Journal by 
Chippindale (2), it will here be sufficient to refer only to the 
controversy which has arisen regarding the possibility of the 
“ suction-force maximum ” of seeds being dependent on the 
environment under which they have developed. Buchinger (1) 
and other workers believe that the suction-force of a strain of 
seeds is a constant character specific to that strain and is not 
affected by normal environmental conditions. Meyer (7; 8) on 
the contrary has obtained evidence that the latter modify con- 
siderably the germination behaviour of the seed and hence 
determine in part the suction-force of any sample. 

There have been developed at the Welsh Plant Breeding 
Station a number of varieties of oats suitable for local conditions, 
and which differ markedly in growth behaviour from the usual 
commercial varieties. Moreover, there are certain of the latter 
which are sufficiently closely bred to approximate to pure 
lines.’* There were, therefore, available to the writer a consider- 
able number of varieties representing closely bred strains, and 
differing very markedly in vegetative behaviour. Hence it was 
considered that determination of the suction-force of several such 
strains should furnish evidence as to which of the opposing views 
mentioned above is correct. 

Material and Methods. 

A number of preliminary experiments were carried out on 
the varieties listed in Table I, which also gives their character- 
istics and the sources of the seed. 

These experiments made evident the fact that the addition 
of formalin and sodium bicarbonate in the concentrations which 
have been recommended by Pammer (9), or even in half these 
concentrations, is markedly inimical to the germination of oats. 
The addition of 0.1 per cent sodium bicarbonate alone depressed 
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TABLE. I. 


I Characters (if growth* Source 

i \ seed. 


Orion 

Hndnorshire Sprig- 
Superb 
Supreme 
Abundance 

(b)lden Kain II 

Victory 

Hccord 

Scotch Potato 

IPack Tartarian 
(ircy Winter 
(’circb-du-bach 


Early ripening; low tillering 
Early ripenin(g; medium tillering 
Early ripening; low tillering 
Early ripening; low tillering 
Medium ripening; medium low 
tillering 

Medium ripening; medium low 
tillering 

Medium ripening; mc<iium low 
tillering 

Medium ripening; medium low 
tillering 

Late ripening; medium high 
tillering 

Late ripening; low tillering 
Late ripening; high tillering 
Late ripening; high tillering 


1 

a 

2 

2 

^ 2 
1 
1 


*> 


2 

2 

8 


L 'I'rade saniplch obtaiiuai from Messrs, 'rernperley and (a).. 2, St, 
Nicholas Buildings, Newcastle-on-Tyne. 

2. Trade samples obtained troni Messrs, (lartons. I.td., Seed Merchants, 
Warrington. , 

li. Samples growm at the W elsh Plant Bref*ding Station. 

* 'I'hc writer is indebted to Mr. E. T. Jones, M..Sc., for the descrip- 
tions of the varieties given in this tab.'c. 


germination slightly, but the presence of 0.05 per cent sodium 
bicarbonate prevented the development of excess acidity and 
did not influence germination adversely. 

In both the preliminary and the present work the seeds were 
germinated on rafts of the type described by Chippindale (8) 
which were floated on the surface of the test solutions contained in 
tins (such as those in which Rowntree’s “ Clear Gums are sold), 
the inside of each tin being coated with a thin layer of paraffin 
wax. 

Five hundred cc. of sugar solution were measured into each 
tin ; the concentrations varied from 0.1 N upwards, increasing 
by 0.0£f N, until the suction-force maximum was reached ; all the 
solutions contained 0.05 per cent sodium bicarbonate. Ten seeds 
were the most convenient number to place in each groove of the 
raft, so that by using thirty seeds of each variety four varieties 
could be placed on one raft. Three tins of each concentration of 
sugar solution were used, so that the tota\ number of seeds, on 
which the results were calculated, was ninety. There were also 
three tins with distilled water containing 0.05 per cent sodium 
bicarbonate. In all cases the seeds were incubated at 82^# 
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Each experiment was run for ten days, the solutions being 
changed every other day. There was no check on fungal growth, 
but in changing the solutions, the rafts with grains on were lifted 
out, and as much fungus as possible removed with forceps. The 
trays were washed out, and any fungus in the tray was removed 
with a soft cloth ; also before and after each experiment the tins 
and rafts were sterilized with 00 per cent, alcohol. The pH values 
of all solutions at the commencement and end of the experiment 
were determine<l colorimetrically, by comparison with the chart 
drawn up by Clarke (11) ; in the beginning the reaction of all the 
solutions was pH 8.4, but the subsequent changes varied with the 
different solutions, the most extreme degree of acidity to be 
reached being pH (1.0, 

Germination counts were made on the second, fourth, sixth, 
etc., day of the experiment, i.e. at the same time as the solutions 
were changed, the germinated seed being removed in each case. 
Germination tests, according to the usual convention of a seed 
testing station, were carried out at the same time as the experi- 
ment was proceeding. 


Resulli. 

The results obtained in the preliminary work are summarized 
in Table IT. 


TABLE 11. 


Germinational behaviour of oat varieties (grown in different 


environments) . 

Vnrivtij. 

Suction- force 
^fa.rimvm. 
(Normalitij of 
svfyar sohitioii). 

(rcryorua- 

tion, 

o/ 

Ocnnhin 

lion 

cnerqu. 

i ' 

Orion 

.”>0 N 

100 

99.0 

Cioldon "Rain TT 

.1') N 

99 

i 99.0 

Record 

.!.■» \ 

93 

i 91.3 

Superb 

.1,5 N 

100 

i 99.6 

Abundance . i 

1 .!;> X ! 

1 98 

94.6 

Supreme . . ! 

! AO N i 

i 86 

j 8.5.;: 

Victory 

: .2/» N I 

80 

1 76.6 

Black Tartarian ... . i 

.3.5 N i 

1 94 

; 91.6 

Scotch Potato 

.3.5 N 

i 92 

; 83.0 

Grey Winter 

.3.5 N 

1 98 

i 94.6 

Oireb-du-bneb . . . 

.2.5 N j 

i 

' .59.0 

Radnorshire Sprig 

; — 

1 .59 

1 

39.0 


No indication is given by the above figures of any agreement 
between value of the suction-force maximum, and those either 
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of germination or of germination energy obtained from ordinary 
germination tests. 

It is of interest to note that, with the sample of Radnorshire 
Sprig, it was not found possible to determine the suction-force 
maximum, since the germination was below 50 per cent, of that 
obtained in water even in 0.1 N solution of sucrose. The germina- 
tion figures for this variety shew conclusively that the sample 
was of very inferior quality. The low suction-force maximum of 
the variety Victory is likewise possibly associated with the 
germination figures, which were unusually low for this variety. 
The work on these two varieties, therefore, lends support to the 
conclusion of Meyer (7 ;8) that samples of seed of low germination 
energy are entirely unsuited for tests in sugar solutions. 

The figures for the remaining ten varieties form two distinct 
groups. The first six, viz., Orion, Golden Rain II, Record, 
Superb, Abundance and Supreme, were all found to have 
relatively high suction-force maxima. Within this group it is 
perhaps significant that the variety Orion, which is the earliest 
of all in time of ripening, was found to have very decidedly the 
highest suction-force maximum. There is, however, within this 
group of six varieties no further differentiation shewn which can 
be co-ordinated with growth behaviour. There is no evidence 
whatsoever of any relationship between the suction-force of the 
seeds and the tillering capacity of the varieties. 

There remains, however, a second group of varieties, which 
was found to have low suction-force maxima, and it is extremely 
interesting to find that these are also characterized by a longer 
period of development, and a later date of ripening than the 
varieties previously mentioned. To this extent, therefore, the 
results of the preliminary work do shew an association between 
high-suction force and early maturity. 

The results described above were obtained by employing 
small numbers of seed, also the seed was obtained from a variety 
of sources and was of somewhat variable quality. It was 
obviously desirable that thev should be confirmed (or otherwise) 
by experiments employing a larger number of seeds, and seeds 
which had been grown and harvested under identical conditions. 

The present work, therefore, has been carried out on seeds 
of the above mentioned varieties (Thousand Dollar being sub- 
stituted for Grey Winter), which were grown and harvested at 
the Welsh Plant Breeding Station. Onlv sufficient seed was sown 
to provide the quantity necessary for the experiments, so that all 
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varieties were grown in a small space aand as nearly as possible 
under the same conditions. 

The behaviour of the ^’arieties in the different concentrations 
is given in Table 3 and the results of the germination tests are 
also recorded. The approximate value of the concentratioji 
equivalent to the suction-force maximum of each variety was first 
obtained by germinating the seeds in sugar solutions which 
increased in strength by O.lN. A more exact examination was 
then made with solutions increasing in strength by 0.05N. 

TABLE III. 

Germinational behaviour of oat varieties (grown together in the same 

environment) . 


Variety. 

Suction-force 
maximum. 
{Normality of 
sugar sohition). 

tion. 

% 

C crmhui 
fion 

ruergy. 

% 

Orion 

Mo N 

i>8.U 

97.:{ 

Golden Rain 11 

.65 N 

}>?.U 

95.6 

Abundance 

.65 N 

96.6 

96.8 

Record .... .... .... i 

.60 N 

91. S 

96.3 

Ceir(‘h*du-bach 

.55 N 

99.0 

96.0 

Superb .... 

.,50 N 

96.0 

95.8 

Supreme 

..50 N 

97.0 

93,0 

V^'ictory 

..50 X 

9.5.0 

92.6 

Radnorshire Sprig 

.,50 N 

90.0 

81.3 

Scotch Potato 

..50 N 

97.0 

97.0 

Black Tartarian . 

..50 N 

90.0 

88.0 

Thousand Dollar 

..50 N 

9i.6 

94.6 


The values obtained for the suction-force of the different 
varieties again shew no agreement with those of germination or 
of germination energy obtained from ordinary germination tests, 
so that it is clear that the latter are incapable of supplying any 
information, which may be obtained from germination in sugar 
solution. 

Comparing Tables II and 111 it is clear that the suction-force 
maximum is with each variety higher than that previously found. 
It is evident, therefore, that the suction-force is not a constant 
character, but is dependent in part on the eindronment under 
which the seeds have developed. This is in accordance with 
the view of Meyer (7), (S) (in contrast to that of Buchinger (1) ) 
given above. 

The suction-force values in Table III d(’ not confirm the 
arrangement of the varieties, according to this criterion-, which 
was obtained from the earlier experiments (cf. Table II). Orion, 
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Golden Rain II, Abundance, Record, Black Tartarian and Scotch 
i^otato do indeed occupy the same positions relative to each other, 
but there is no differentiation shewn between Superb and the 
varieties Black Tartarian and Scotch Potato, and the late oat 
Ceirch-du-bach has the fifth highest suction-force, whereas in 
Table II it has the lowest of all. 

From these later figures no evidence can be obtained of any 
correlation between the growth-behaviour and the suction-force 
value of the variety. Thus Thousand Dollar, which in habit is 
almost identical with Abundance, exhibits a much lower suction- 
force than the latter, and the early variety Radnorshire Sprig 
also occupies an anomalous position. Again, Ceirch-du-bach 
which is the latest of all the present varieties shows a fairly high 
suction-force. It is further noteworthy that the values of the 
latter for this variety in Tables II and III shew a difference in 
excess of that between the extreme values for all varieties in 
Table III. Hence the possibility of using suction-force as a 
diagnostic of strain or variety would seem remote. 

The figures in Tables II and III further indicate, with most 
varieties, that : (i) there is very little difference in germination 
energy between the seed of the two years, and, in contrast to what 
is the case with the suction-forces, the differences are not always 
in favour of the second year; (ii) there is very little difference 
between the germination energy and the total germination; and 
(iii) the variation in germination energy shewn by the different 
varieties in the same year is slight. It is clear, therefore, that 
germination in sugar solutions furnishes a more rigorous test of 
seed vigour than does the germination energy obtained in the 
orthodox way. 

It is noteworthy that the seeds used in the second series of 
experiments, were ripened under exceptionally favourable con- 
ditions. The resulting increase in vigour, which is demonstrated 
by the uniformly higher suction-forces of all the varieties (and 
also by the close approximation of the germination energy to the 
final germination), emphasizes again the importance in practical 
farming of the use of well matured samples as seeds, and supports 
the finding of Scheibe (10) and of Jones and Tincker (6) that 
seedling vigour is influenced by the conditions under which the 
parent crop grew, and under which the seed was harvested. 

Summary. 

1. The suction-force of the seed has been shewn to be 
dependent largely on the environment under which the seed has 
developed. 
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2. Germination in sugar solutions furnishes a mure rigorous 
test of seed vigour than does the germination energy. 
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THE BACTE1H()I>()(0('AL EXAMINATION 
OF RAW MILK BY MEANS OF ITIR MILK 
AGAR PI.ATE COT NT METHOD. 

By S. B. Thomas, M.Sc., 

University College, Ahery.stvvytli. 

Hiscox and her co-workers have shown that the axlditioo of 
milk to standard agar would convert it into a medium adequate 
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for many purposes for which, in ifs present form, it is unreli- 
able (1). In the fourth edition of the Guide to the Conduct of 
Clean Milk Covipetition (2) the addition of 10 c.c. of sterilized 
separated milk to each litre of the agar is advocated. The exam- 
ination of 265 samples of milk during the course of the 
Glamorganshire Clean Milk Competition — January to June, 
1933 — gave an op})ortunity for a comparison of the extent to 
which this modification of the standard agar plate count would 
affect the grading of raw milk. 

The samples were received from thirty-four farms in 6 ounce 
bottles, and plated within 24-30 hours of milking on standard 
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agar as well as on standard agar to which I per cent, sterilized 
separated milk had been added. Three plates of 1/10, 1/100 
and 1/1000 c.c. dilutions were poured for each method, incubated 
at 37^C, for forty-eight hours and an illuminated chamber and 
talley counter used for counting colonies. Plates containing the 
nearest to 800 colonies were taken as being the most accurate. 

Detailed results of the examination of each series of samples 
are given in Table I. 

TABLE 11. 


Sericit II. Fphruury p.jn. i Seriet VJ7. May a.m. 






s 




o 

Jr 

Oo 




Oo 

£ ^ 

^ Si, 

« 

emp. 

rr. 

= s 1 . 

■ 

1*5 O « 

•= V " 


c £ 
o R C t 

is 1 s . 

* tr. o ^ 

C 

1 e 

c/: ‘o C 


fiC*— C/: 

t*. o 


^ c. 

1 

51 

20,800 

22,110 

109 

.53 

54,000 

95,(H)0 

2 

48 

17,000 

88,000 

194 

.54 

276,000 

11?, 000 

.1 

49 

5,800 

5.(KX) 

86 

53 

5,600 

15,900 

4 

54 

1,500 

1.000 

78 

54 

160,000 

1S?,0(X) 

5 

54 

170.(KK) 

190,000 

112 

54 

124.000 

226,000 

6 

.54 

120, 0(X) 

160,000 

1.38 

54 

13,000 

11.000 

7 

51 

400,000 

360,000 

90 

53 

4,100 

8,000 

8 

55 

5,800 

6,100 

115 

55 

165.0(X) 

210,000 

9 

55 

600,000 

720, 0(K) 

120 

— 

1,680.000 

2.(K M).( )00 

10 

51 

200,000 

540,000 

270 



— 

11 

58 

liO.OfK) 

860,000 

257 

— 



12 

55 

2, UK) 

2,500 

119 

51 

20,(XX) 

8,0(X) 

18 

49 

11,900 

15,800 

188 

55 

360,000 

1 52 .(KM) 

14 

49 

11,800 

13,800 

117 

— 

— 


15 

58 

8,200 

27,000 

329 

51 

228,000 

240.(X)0 

16 

54 

240,000 

160.000 

67 

54 

380,0(X) 

910,000 

18 

47 

700 

810 1 

116 

54 

12,400 

lO.lKX) 

19 

49 

800,000 

880,000 

110 

55 

1 7(K),000 

861,000 

20 

5.5 

4,5(K) 

5,000 1 

! 

,53 

1,900 

2,000 

21 

54 

8,600 

4,800 ! 

119 

51 

187,000 

150, OCX) 

22 

51 

680 

720 1 

i 114 

1 5.3 

120,000 

1 245.000 

28 

54 

21,000 

82,000 ' 

152 

1 55 

1 880,000 

i 172,000 

24 

49 

12,000 

14, .800 J 

119 

55 

160,000 

880, (KK) 

25 

53 

8,3(K) 

6,500 1 

19? 

55 

872. (HX) 

! 1.500,000 

26 

! 49 

1 7.400 

7,500 ! 

101 

— 



27 

1 47 

11,400 

14,500 ! 

127 

51 

55,000 I 

1 700, {X)0 

2ft 

— 

' 8,400 

4,800 

141 

55 

220, OCX) 

, 1,200,000 

29 

! 54 

1,6(K) 

1,800 

118 

57 

640,000 

! 720,000 

80 

49 

164,000 

250,000 

! 152 

56 

1 880,000 

i (i40,000 

31 

1 51 

7,600 

10,000 

132 

1 55 

156,000 

! 728.000 

82 

1 54 

28,200 

27,400 

118 

54 

92,000 

180,000 

38 

54 

1,200 

1,000 

83 

62 

160,000 1 

820,000 

34 

1 49 

11,000 

1,5,000 

1 186 


1 568.000 

816.000 

35 

.56 

7,000 

28.000 

400 

' 61 

280,000 

814,000 

19 

1 54 

810,000 

720,000 

1 232 

— 

1 ” , 

— 

7 

52 

270 

850 

129 

-- 


i 

9 

— 

— 

— 

— 

55 

760,000 

1 

1 S50,000 

L 




17« 

5$ 

2B4 

117 

182 

108 

78 

nr) 


40 

125 


105 

247 

828 

128 

105 

240 

204 

124 

520 

172 

1,270 

515 

112 

168 

465 

141 
.512 

142 

m 


112 


These results demonstrate that the addition of milk to the 
medium had an appreciable influence on the colony count, and 
on the grading erf the milk. The comparison of milk agar 
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counts with standard agar counts shows that fifteen additional 
samples (5.7 })er cent.) failed to attain the ‘‘ Certified ** standard, 
and twenty-eight additional samples (10.5 per cent.) the 
“ Grade A ’’ bacteriological standard. The general effect is less 
significant in this case than in the results of Hiscox, et al^ on 
the comparison of the two media on 873 samples of pasteurized 
milk. These workers found that ninety-seven additional samples 
(20 per cent.) failed to reach the standard of a plat^ count of 
not more than 100,000 per c.c., when quantities ranging from 
1/lOth to 1/ 100th c.c. of sterile milk were added to each plate. 

The actual plate counts obtained during the examination of 
two series of milk samples are given in Table II. These results 
illustrate the wide variations in the bacteriological quality of 
the samples tested. The relative comparison of the milk 
agar ” counts with standard agar counts reduced to 100 in every 
instance is also given. 

The frequency distribution curve of all the results obtained, 
expressing the counts on “ milk agar ’’ as percentages of the 
counts on standard agar, when the latter are taken as 100 in each 


CHART I. 



Frequency Distribution Curve, Showing Relative Milk 
Agar Bacterial Count. Standard Agar- 100. 
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from ail examination of this chart that the majority of the 
samples (actually 81.5 per cent, of the total examined) show an 
increased count on milk agar.” The median is at 182 and is, 
therefore, within the possible limits of error of sampling, etc. 
(say 40 per cent.). 

The number and percentage of samples in which the “ milk 
agar ” count showed an increase on the standard agar count 
arc shown below : — 

TABLE III. 


i y amber of for irhich fhc count on “ Milk agar '* 

Total no, i exceeded the count on Standard agar hif orer : — 

of mmples I 


tested. 

1 40 

! 100 

m 

soo 


I 1 y-cr cent. per cent. 

j per cent. 

per cent. 

per cent. 

265 

1 ! 

216 122 

I 

62 

' 34 

1 

20 


(Kl.,i %) 1 (i6 %) 

i (2« ‘'A) 

(18 %) 

I (T.5 %) 


Thus the addition of milk to the standard agar medium had 
an appreciable effect on the bacterial count of approximately 
half the number of samples examined, 4(3 per cent, showing an 
increase in count exceeding the probable limits of error of 

CHART II 

Frequency of Logarithms of Actual Plate Counts. 

Standard Agar. 
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sampling. Only a small proportion (23 per cent.) showed an 
increase in count of more than 100 per cent. 

Logarithms of Plate Counts. 

In Chart II a comparison of the bacterial counts on both 
media is again shown by plotting the logarithms of the actual 
plate counts. The milk agar results show an evident shift to 
the right. 

Two peak points of concentration of samples can bfe observed 
in the standard agar curve, one at log 5.2. The milk agar curve, 
on the other hand, shows one marked concentration peak point 
and that at logarithms 5.7 to 5.9. 

An attempt has been made in Chart III to demonstrate that 
the favourable influence of the addition of milk is more marked 
for those samples having high bacterial counts. An examination 

CHART III. 



Logarithms of Plate Counts on Milk Agar. 

of the chart shows that the majority of the samples that show 
an increase of over 200 per cent, on milk agar as compared with 
standard agar, are situated between logarithms 4 and 6, i.e., 
have bacterial counts from 10,000 to 1,000,000. 

It' seems, however, that the favourable influence 6! tiie 
addition of milk is closely connected with the types of badeiia 
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present in the various samples. In this connection it is of 
interest to observe that the milk agar counts for the last series 
of samples taken during June generally showed a more appreci- 
able increase on the standard agar results than was the case 
during the series of samples examined during the colder weather. 
This may have been due to the presence of a higher proportion 
of lactic acid organisms in the milk flora during the warm 
weather. 

The colonies developing on the milk agar plates were 
generally larger than those on the standard agar, and were thus 
easier to count. The presence of caseolytic colonies can also be 
detected. 


Summary. 

The addition of sterile milk to standard agar has a favour- 
able influence on the number and size of the colonies that will 
develop during the examination of raw milk samples. 

The increase in number, however, is not so significant as 
that obtained by other workers for pasteurized milk. 

The use of milk agar for the routine examination of 
milk samples has resulted in a general tightening up of the 
bacteriological grading of milk. 
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POTATO KK I . WOR M DISRA SR . 

By J. R. W. Jenkins, M.Sc., 

University College. Aberystwyth. 


In view of the serious losses caused by this disease in other 
parts of Great Britain, and of its rapidly increasing spread in 
many parts of Wales, it is thought that the following brief 
account of the life history of the causative agent, the symptoms 
of disease in the plant, and of such control measures as are so 
far known, will enable growers to recognise the disease when it 
first appears, and to take appropriate measures the following 
season. 
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Historical, 

The eelworm (Heterodera schachtii), which has become such 
a serious pest of ])otatoes in Britain, has been known for many 
years in Europe and the United States. Its host plants number 
more than ei^^hty, of which some are agricultural crops, others 
are garden crops, and many more are weeds. Originally known 
chiefly as a pest of sugar beet in Germany and America, where 
such severe damage occurred as to cause a wholesale closing down 
of factories, it was first recognised as being the cause of a potato 
disease also, in 1913. In Britain, the parasite was also first 
recorded on potatoes in 1913, but the probability is that it had 
already been present for some years, as it was stated to be 
common in Scotland. It was recorded again — in Yorkshire — in 
1917, but there is little doubt that by that time it had succeeded 
in establishing itself in many districts in England. 

In spite of the severe losses incurred, potato growing at that 
date (1917) was a very profitable undertaking, and potatoes con- 
tinued to be intensively grown at a profit even on badly infested 
land. The result is that at the present date Heterodera schnehtii 
is widely distributed throughout Great Britain, especially in the 
best potato growing districts, and the growers are in many cases 
sustaining severe losses. The distribution of this pest in Wales 
will be dealt with in greater detail later. 

Tdfe Jlisforxj, 

This, fortunately, although it has many interesting aspects, 
is not at all complicated. Brown cysts, containing larvae, 
(young stages of the eelworm), are present in infected soil. When 
a potato rootlet comes in contact with, or in close approximation 
to, a cyst, a substance excreted by the growing root tip stimulates 
hatching, and the young eelworms burst their way out of the 
cyst and bore into the rootlets. 

It is important to note that in the absence of this 
stimulus exerted by the root secretion, practically none of the 
cysts hatch. (This statement will be amplified later). The 
larvae ^o not burrow into the deeper tissues of the root, but 
remain just below the surface layers, where they feed for about 
three weeks, moulting once during that period. The subsequent 
development varies with the sex of the larvae. The male under- 
goes a quiesent period of about fourteen days during which it 
becomes mature. It then makes its way out of the root, as a 
typical elongated free-living worm. 

The post-feeding development of the female follows very 
different lines. The internal organs, especially the ovaries, 
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increase rapidly in bulk, and the worm becomes swollen and 
flask shaped. This increase in bulk causes the surrounding root 
tissues to swell up, so that when the ovaries are mature, and ripe 
for fertilisation, the tissues of the root break down, and the 
swollen body of the female hangs outside the root to form a 
round cyst, while the head and neck remain embedded in the 
root. Fertilisation then occurs through the agency of the males 
which have by now become free living in the soil. After fertiliza- 
tion, the female degenerates until it becomes merely a cyst filled 
with developing eggs. This cyst, about the size of a pin’s head, 
is at first creamy white iri colour. It then becomes brown, owing 
to the secretion of a hard protective covering, and eventually 
drops off into the soil, where it remains until the following spring, 
when, in the presence of potato roots, the life cycle again 
commences. 

liialnsiical Sfrnins. 

A fact of great importance in the bionomics of Heterodem 
srhachtii is that it shows a peculiar tendency to form what are 
known as biological strains. That is, although as stated above, 
its hosts plants number more than eighty, yet populations, or 
strains of the eelworm, become so specialised for a single host 
plant, or limited range of host plants, that they lose the power 
of attacking other plants. Thus evidence has been collected 
which indicates the occurrence in nature of (1) An tmspecialised 
race able to attack a wide variety of plants ; (2) A beef race which 
attacks plants of the beet and cabbage families ; (3) A pea race 
which prefers members of the Leguminoseae ; (4) The oaf race 
which attacks cereals and grasses ; and (5) The potato race which 
confines its attentions almost entirely to the potato. 

The Second Factor. 

When the inflated potato prices which obtained during the 
war and immediate post-war years collapsed, the economics of 
potato growing became a verv serious proposition, and the con- 
tinued use of potato sick ” land for potato production was no 
longer a financial success. Impetus was thus given to research 
on potato eelworm disease both in the laboratory and in the 
field. 

One of the facts that soon emerged was, that although the 
symptoms of potato sickness were never found to occur in the 
absence of the eelworm, the reverse did not hold good. That is, 
many fields were found with a high cyst content, which still 
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yielded normally good crops, and individual potato plants were 
found with roots bearing large numbers of cysts, and yet pro- 
ducing a normal yield of tubers. At the same time, and in the 
same district, fields having a lower cyst content were producing 
negligible crops, and plants bearing a comparatively small number 
of cysts gave a poor yield of tubers. 

It was therefore evident that the presence of some second 
factor, in addition to the eelworm, was necessary before this 
particular potato disease could be produced The nature of this 
second factor is still unfortunately unknown, but the problem 
is receiving much attention, and, broadly speaking, two views 
are now held : — 

(i) That something inimical is present in the soil which 
operates in conjunction with the eelworm in producing the 
disease. This view is upheld by the fact that partial steriliza- 
tion of the soil by steam or chemicals restores the fertility of the 
soil, although for one season only. Attempts to identify any 
fungus or bacterium as the second factor have so far failed. 

(ii) That the second factor is lack of some ingredient essen- 
tial to healthy growth, and especially to root production, which 
is not supplied by ordinary manurial treatment. This view is 
upheld bv the fact that potato sick land may recover its potato 
fertility to a considerable degree after having been put through 
a short rotation. 

The position is, however, by no means clearly understood. 
As has been stated, the disease never occurs in the absence of 
the eelworm, and there is ample evidence that a second, although 
as yet unknown factor, is also usuallv present. There is, however, 
also a certain amount of evidence which tends to show that the 
eelworm alone, without the interference of any second factor, 
may, under some circumstances, be sufficient to cause the disease. 
The situation is therefore somewhat obscure. 

Symptoms. 

The chief external evidences of attack on the roots are as 
follows. The sprouts are late in coming through the soil, growth 
is backward throughout the season, and the plants are poor and 
stunted. The foliage is dull and pale, and there is a tendency 
for the leaves to curl and wilt, and finallv to fall off, causing 
the plant to have a spindlv appearance, .with a tuft of upper 
leaves. The leaves often show a progressive browning from the 
tip, albng one or both sides of the midrib, and the margins 
become dry and inwardly rolled^ The root system is ptuich 
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reduced as compared with a healthy plant, and the tubers pro- 
duced are few in number and small in size. In severe cases the 
crop does not pay for the lifting. 

Method of spread. 

Where the disease suddenly appears in a district hitherto 
free, it is undoubtedly introduced by cysts being embedded in 
particles of soil on seed from an infected area, or cysts mixed up 
with soil refuse at the bottoms of seed bags, or some such means. 

Spread within a district can be carried out in a great variety 
of mechanical ways. Cysts may get carried by soil adhering to 
cart wheels, horses’ hoofs, men’s boots, borrowed implements, 
etc. In allotments, it is most important that a holder whose 
soil is clean should not borrow tools from those whose soil is 
potato sick, and even more important, that he should not walk 
over potato sick soil, or allow owners of su(‘h soil on his allotment. 

Control. 

Rotationnh 

As will have been realised from the foregoing account of the 
life history and bionomics of H. schachtii, the question of Its 
control bristles with difficulties. The fact that the potato race 
of the eelworm is almost completely specific to the potato, sug- 
gests at once the adoption of a suitable rotation by means of 
which an interval of years occurs between successive crops of 
potatoes on any piece of infected land. This is strongly to be 
recommended on farms and large market gardens where soil and 
other conditions permit potatoes to take their place in the rota- 
tion, as, under a suitable rotation, land heavily infested with 
potato eelworm can still be made to carry profitable crops of 
potatoes. The beneficial effect apix^ars to be due rather to a 
diminution of the second lethal factor referred to above, than to 
a reduction of eelworm cyst content of the soil, as although a 
small percentage of cysts die yearly in the absence of potatoes, it 
has been proved that cysts can remain in the soil for at least ten 
years, and still, given the necessary stimulus, be capable of 
hatching. The reduction of the second factor is however not 
permanent, and rotational treatment, giving at least three, and 
preferably more years rest from potatoes, should be continued. 

In many parts of Great Britain however, and, unfortunately 
in some of the best potato districts, the land is unsuitable for 
other crops, and the adoption of a suitable rotation is a matter 
of great difficulty. In the smaller market gardens, allotments, 

u 



30(1 


The Wehh Journal of Agriculiure. 


and private gardens the matter also presents considerable diffi- 
culty, as usually at least half the area is under potatoes, which 
means that potatoes occupy the same land every other year. In 
these two cases, some means of control other than rotational 
must be searched for. 

ManuriaL 

Evidence on manurial measures of control is very conflict- 
ing. In some cases, heavy dressings of farmyard manure in 
the drills at the time of planting the sets, have enabled good crops 
to be obtained on potato sick land, although the roots were 
heavily la<ien with cysts. On the other hand, in some of the 
worst potato sick areas, it is the common practice to apply heavy 
dressings of farmyard manure in the drills, and yet the crops 
suffer from sickness and poor yields are obtained. Complete 
dressings of artificial manures appear to be of no value in reducing 
sickness, but a heavy dressing of Calcium cyan amide appears to 
be beneficial. 

ChenucaL 

Here again the evidence is of a conflicting nature. Very 
extensive research work has been carried out, particularly in 
Germany, and only one chemical — Calcium cyanide — has been 
found to be universally effective. The dressing necessary is so 
heavy however as to make the cost — about £800 per acre — 
entirely prohibitive. 

The only other chemicals which have given any hopeful re- 
sults and the cost of application of which is economically possible, 
are the various naphthalene by-products of the tar distillation 
industry, such as whizzed naphthalene, crude naphthalene, or 
drained creosote salts. Here again, however, the evidence is 
rather conflicting. In some cases good results have been claimed, 
in others, using as far as possible exactly the same procedure, no 
benefits have been obtained. Where increase in yield has been 
obtained, no significant reduction of the number of cysts has 
been observed. The increased yield may be due to some unknown 
way of interference with the second factor, or it may be due to a 
partial sterilization of the soil, this being a common cause of 
increased yield. 

T.aboratory experiments are still being carried out at various 
centres, in an attempt to find a cheap and effective chemical. 

Other Control Methods > 

Although the control measures now to be dealt with are 
44till being carried out on a laboratory scale, or at the most on 
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small plots, some reference to them is necessary in order to com- 
plete this account. The first line of attack is that of attempting 
to discover the nature and mode of action of the second lethal 
factor involved. If and when this information is obtained, it 
may then be possible to evolve some means of counteracting the 
factor. The second method of approach is ina the stimulating 
excretions of the potato roots. One series of experiments at 
present being carried out is to determine the exact chemical com- 
position of the excretions. If this can be done, it is possible that 
the substance can be economically synthesised. The artificial 
product could then be applied to the soil and the cysts caused to 
hatch, when, in the absence of potatoes, the young eelworms 
would die. Much is expected of this method of approach. 

It will be remembered that earlier in this account, the 
qualified statement was made that in the absence of the stimu- 
lating excretion of the potato roots, very few of the cysts hatch. 
Experiments have shown however, that the root excretions of 
certain grasses, notably the Rough and Smooth Stalked Meadow 
Grasses stimulate the larvae to hatch almost as freely as do 
potato excretions, and, what is extremely important, the young 
larvae do vot attack the grass roots, but, in the absence of 
potatoes, die. On the field scale a reduction of about 80 per 
cent, in cyst content has been obtained by sowing these grasses, 
and experiments (which are still continuing), along these lines 
show much promise. It still remains to be shown however that 
land so treated is improved for potato growing in other ways, and 
the matter should still be regarded as being in the experimental 
stage. 

Another line of approach which, while giving excellent 
results under laboratory conditions, failed in the field, is the use 
of mustard. In pot experiments, a great reduction in the per- 
centage hatch of cysts was obtained by growing mustard in the 
same pot with the potato, these results being confirmed hy 
several investigators. Unfortunately, growing mustard in the 
field and ploughing it in as green manure before planting the 
potatoes, appears to have no effect upon the disease. 

CoBclfinofii. 

The foregoing account will have made it clear that the whole 
subject of Potato Eelworm Sickness and its control is still very 
obscure. 

Without full knowledge of the true nature and cause of the 
disease, the difficulties attending all work directed towards its 
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control are enormously increased, but there is every hope that 
success will be achieved at any time now, along one or other of 
the lines of research now being followed. 

Growers everywhere are urged to keep a keen look out for 
the first symptoms of eelworm attack on their potatoes, and to 
report to their County Authorities immediately, should they 
suspect its presence. Growers in the following districts are 
especially urged to keep a keen watch, as the disease i$ definitely 
known to occur in their area. 


Distribution of Heiomdera stchorhtii in Wales. 

North Wales. The writer is indebted to Dr. Maldwyn Davies 
of the University College of North Wales for this information. 
Caernarvonshire, — Edeyrn, Groeslon, Bangor. 

A nglesey. — Al>erffraw, Holyhead. 
n rn h in hshire, Denbigh . 

South Wales. The writer is indebted to Mr. H. W. 
Thompson, of the University College of vSouth Wales and Mon- 
mouthshire for this information. 

(Haiuorganshire , — General throughout » allotments, 
especially in Swansea, Neath, Port Talbot, Maesteg, 
Cardiff, Taffs Well, Treforest, Pontypridd, Troedyrhiw, 
Abercanaid, Aberdare and Caerphilly. 

Mid and West Wales. 

Cardiganshire, -Tregaron, Lampeter. 

Pembrokeshire, Haverfordwest, Pembroke. 
Radnorshire, — Knighton. 

Breconshire, — Brecon, Cefn Coed, Abercrave. 


THE COCKCHAFER BEETT.E, TTS 
INCIDENCE AND CONTROI.. 

By H. W. Thompson, M.Sc., F.R.E.S., 
University (x>llege, Cardiff. 


The Cockchafer Beetle (Melolontha vulgaris F.) is usually 
moderately plentiful in South Wales, especially in the rather 
heavily wooded areas of parts of Monmouthshire, and in certain 
years the Adult beetles are very numerous. Usually, however, 
the grubs of this beetle, which cause the bulk of crop injury, are 
not numerous enough to cause any very serious damage in the 



Cockchafer Beetle. 


809 


area. During the suniiuers of 1982 and 1983 an abnormal attack 
developed and very serious injury due to this pest occurred in 
North Monmouthshire, many growers suffering heavy losses in 
consequence. The following is a brief account of the outbreak and 
steps which were taken to combat it. 

The most serious injury occurred in the Abergavenny district, 
and in the parishes of Llanellan and Llan foist, where market 
gardening is carried out extensively. Most of the injury occurred 
on the low lying ground in the River Usk Valley but on one Hill 
Farm, ground over 000 feet high was very heavily infested. 
Vegetable and fruit crops were attacked as well as grassland, roots 
ajid corn crops. Moderately severe attacks to root crops and 
cereals occurred also in Mid and Central Monmouthshire in the 
Shirenewton and Caerwent districts. The Crown Nurseries near 
the Wye Valley in East Monmouthshire also suffered heavily and 
here in addition the smaller Garden Chafer {Phyllopertha horticola 
L.) was present and was responsible for some injury. In some 
beds almost all the seedlings of Spruce, Larch, etc., were reported 
destroyed. 

The extent of the damage due to the attacks of chafer larvae 
is indicated by the following cases of injury met with by the 
writer on four typical farms and four market gardens in the 
districts most seriously affected. In addition, relatively light but 
by Jio means negligible attacks took place over a wide area. 

1 . MiirUct iniirdvti. 

Total /oNs \u l\hU nj jour arm; of Spring cabbage, 
nuc acre of peas, half an acre of kidney beans, and heax)y 
losses on other rrojts. This injury occurred following the 
ploughing up of grassland dnrifig the early winter of t9>tl 
at this thne the grubs xvere deep doivn and their presence 
xms not suspected until injury began in the follounng spring. 
The loss on this holdin^j xvas estininted ns being at least £500, 

2. Market (iarden. 

Three acres of st rareberry jfhnits were destroyed in tOSJ 
and a partial loss occurred on all crops. The grower 
estimated his loss in 19S2 as being in the region of £i00, 

8. Market Garden, 

Three acres of cabbage and one acre of mangolds were 
a total loss in 1982 and 50 per cent, injurt^ took place on one 
acre of potatoes. Extensive injury was also caused to 
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iucadoxv land where the grubs were particularly numerous. 
In one field sevcnty-lxco grubs xcerc collected from under 
one square yard of turf. 

1 '. Market Garden. 

l.oss on general crop esthnated at per cent, on 
M acres or more. Young cherry and apple trees were killed 
by grubs at this centre. 

5. Farm. 

Two acres of mangolds xt'crc a total loss in 1932 and in 
the same year one and a half acres of potatoes suffered injury 
estimated at 50 per cent. In the autumn of 1932 old clover 
ley which teas being broken up was found to be so heavily 
infested that ploughing was discontinued and the field left 
doun. 

(i. Farm. 

Failure of mangolds and potatoes in 1932. Less than half 
a crop of meadow hay due to chafer attack and a partial 
failure of oats. The meadow xcas so heavily infested and the 
root injury so extensive that over large areas in the field the 
turf could be stripped by hand or rolled back like a sheep^s 
fleece. This field xvas rooted up by badgers in search of the 
grubs in the summer of 1932. 

7. Fann. 

Partial failure of mangolds and potatoes in 1932 and 
f>ats in 1933. Neighbouring farms xcerc similarly infested. 

8. Farm. 

Partial failure of mangolds, oats and barley in 1932 
and oats in 1933. Sxvcde crops also infested. 

At: th€ end of 1982 examinations and collections made 
indicated that a fair proportion, possibly as many as 10% or more, 
of the chafers had reached the adult stage at that time and the 
majority of the remainder were likely to do so in 1988. Adult 
chafer beetles were moderately numerous in May and June of 1988 
but their numbers were not excessive. 

The fact that so many of the chafer larvae were still immature 
at the end of 1982 led one to anticipate similar injury in 1988 to 
that which had taken place in the previous year, and in the early 



Cockchafer thcilc. 


311 


jmrt of the summer there was every indication that these attacks 
would develop. Later on in the season, however, attacks dwindled 
and the numbers of larvae in the surface soil became greatly 
reduced. By digging more deeply many larvae could be found 
but they were sluggish and unduly yellow in colour. It seems 
possible that the abnormally dry summer of 1933 provided condi- 
tions too dry for the grubs which therefore left the surface layers 
of soil and by leaving their food plants became starved. During 
August and September, 1933, very few larvae could be found 
near the surface and these few mainly on headlands and other 
places where conditions were not so dry. 

Previous Attacks, 

Attacks of the severity indicated above have been rare in 
South Wales. During the eleven years the present writer has been 
in the area, slight attacks affecting a few acres only have been 
noted on potatoes, Whitchurch, Glam., in 1926, grassland, Caer- 
went, Mon. 1930 and slight attacks on cereals on several occasions 
in Monmouthshire, Growers in the Abergavenny area state that 
an attack comparable to the one described here took place in the 
district in the Jubilee year 1897. Davies (1815) gives a descri])- 
tion of a similar attack in the Crickhowell area, a quotation from 
which may be of interest, as it indicates the extent and severity 
of this previous attack. 


“ The liiihtucss of s(hI of this Vale occasioned an alarming 
elfcct, from the depradations of the pupae of the cock-chaffer 
in the wheat crops of the year IS 10, The crops of the lighter 
soils about Crickhowell^f etc,, suffered most. About Aber- 
gavenny the soil was too dense for the operation of the insects; 
and above the town of Brecon their progress was not consider- 
able, the intermediate space seems to fuwe been their scene of 
action, J gentleman farmer on the spot, xurote and published 
a pamphlet on the subject; ivherein he recommended to his 
neighbours, among other preventives, the trouble of collecting 
them by folloxcing the ]dough. His adviec was not generally 
followed, but he himself procured the collection of three bushels 
and a half, of iO quarts each, from a piece of 4 acres. In the 
spring of 1811, parochial mrctwgs were convened to rnnsidf 
about the most effectual method of arresting their future pro- 
gress, hut before the opening of another campaign, the enemy 
fortunately decamped,*^ 
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The attach described appears to have been similar in 
intensity to the 1982-^ attack in the Abergavenny area which is 
very near the same locality* 

Life History. 

The lemale cockchafer lays her eggs early in the summer 
several inches below the surface of the soil^ into which she 
burrows for the purpose and may lay as many as 70 eggs in all. 
The larvae hatch 5 or 6 weeks later^ they are very small the first 
season and cause little injury, the following summer the grubs 
gnaw the roots of grasses and other plants and seedling trees. 
This feeding is continued during a third and fourth summer, the 
grubs are then full fed, they go down deeper into the soil and form 
oval cells inside which they change into a fleshy pupa, in which 
stage they remain for several weeks. The perfect beetles emerge 
about October but do not leave the ground until the following 
May. 

Most of the cockchafers reach the adult stage in the same year, 
consequently every fourth year the beetles are more numerous 
than in the intervening years. The years when the majority of 
the chafers are in the adult stage are referred to as * flight * years. 
In these * flight * years they frequently swarm in enormous 
numbers and cause much injury to Oaks, Chestnuts, Hazel and 
other trees and bushes on the foliage of which they feed. 

The cockchafer beetle and grub are described in the 
Ministry of Agriculture leaflet No. 25 as follows : — 

** The Cockchafer beetle {Fig. 1.) is about an inch m length 
with head and the front part of the body blacky the wing cases 
being reddish-brown^ hairy and with five raised lines on each. 
Along each side of the abdomen are five white triangular 
marks. The abdomen ends in a prolongation^ downwardly 
curved^ and not covered by the wing cases. The end joints of 
the antennae form a kind of club. The beetle is on the xving in 
May and June. 

grub (Fig. 2.) is thicks fleshy and dirty whitCf the tail 
end of the body being swollen and in colour a dark purple 
brown. The head is large and brozm, the mouth being armed 
with strong mandibles (jaws). There are three pairs of jointed 
legs on the front of the body. These white grubs lie mth their 
bodies henf, ond, although sluggish when taken out of the soil 
are comparatively active in it. Their length when full groxm is 
about mches. 

The pupa is white ^ soft and easily injured and lies in a 
definite cell rather deep in the soil.^* 



(Fig. 1.) 



Crrub of the Cockchafer Beetle. 
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G^nerml Obsenratioiif in 1932 and 1933 on Overwintering Habits* 

In 1982 chafer grubs were plentiful in the surface soil at the 
end of September^ their numbers diminished in the soil to the 
depth of cultivation during October and by October 28 almost all 
the grubs had gone down for the winter. 

On December 1, twenty-four larvae were found by digging 
to a depth of 1 to feet, also four adult beetles. On the same 
date several larvae were found at a depth of between 4 and 5 
feet during drainage operations. 

In the following spring, 1988, apparently none of the grubs 
returned to the surface before March, most of them were still deep 
down on March 17, although some were found on this date near 
the surface in a held down in clover ley. By April 20, apparently 
all the grubs had returned to the surface soil and were once more 
attacking the crops. 


Control Measures. 

It has been recognise<J for some time that Naphthalene is 
an insecticide capable of destroying chafer grubs under certain 
conditions but it is not effective in all cases. It was decided there- 
fore to try applications of this material to infested ground at 
varying rates per acre and at different times of the year, in an 
endeavour to gain further information on the subject. All the 
growers approached were very willing to co-operate in these tests. 
Unrefined Naphthalene, commonly known as Drained Creosote 
Salts, was used in most cases and suitable material was obtained 
from the big Colliery Companies at about 5s. to 7s. per cwt. It 
was realised that Naphthalene must be washed well into the soil 
to be effective, especially when surface applications are made, 
and consequently all tests carried out were made in showery 
weather. Unfortunately the abnormal drought of the summer of 
1988 upset some of the tests. It was observed on a number of 
occasions that even when the surface of the ground was wet the 
soil was perfectly dry deeper down. Consequently only the 
surface soil was likely to be affected by the dressing. 

TetU of Naphthalene. 

Centre 1 . Market Garden, 

A five acre plot at heavily infested land was dressed by the 
grower with Naphthalene, which was worked in, at the rate of 6 
cwt. per acre on August 28, 1982, and was planted out with 
Spring Cabbage ten days later. The plot was examined on 
October 10, ihere^was at that time no evidence of chafer- injury. 
The Naphthalene caused little injury to the plants, they showed 
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some blueness at first and were rather slow in establishing them* 
selves but recovered well. This application gave almost complete 
control of the chafer grubs, not more than 1 % of the plants failed 
as a result of their attack. It was estimated that over 90% of 
the grubs were killed and very few could be found when the plot 
was ploughed out the following spring. 

A plot of three acres where cabbage failed completely in 1982 
was dressed with Naphthalene at 6 cwt. per acre 09 April 21 , 
1988. The application was followed by heavy rain. The plot was 
examined on May 8 and approximately 50% of the larvae found 
were dead on this date, many were lying on the surface in a 
blackened condition and many others appeared moribund. The 
plot was given a further dressing of 5 cwt. per acre by the 
grower on May 5 to make sure Potatoels were planted on 
May 11 and comparatively few grubs were collected on rowing 
up. The crop was examined when lifted on September 19, 1988 
— the amount of injury was negligible — three tubers only were 
noted to be injured on one row nearly 800 yards long, and the 
men engaged in lifting stated that they had found only six grubs 
on the plot, . 

Centre 2 . Fann. 

On May 29, 1988, a test plot on meadow land was dressed 
at the rate of 8 cwt. per acre, which was followed by a light 
thunder shower. Larvae were present to the average extent of 7 
per square yard. This plot was examined on June 19, the treated 
turf was scorched by the application. Several moribund grubs 
were found on the. dressed portion but none at selected points 
of the untreated part of the field. The surface soil was damp, 
below that 6 inches or more was very dry — apparently the grubs 
had gone down because of the drought, except those injured by 
the application. Naphthalene was also applied at the same rate 
on mangolds but owing to drought conditions prevailing during 
the summer the grubs caused very little injury to the mangolds 
and little information was available as to the proportion of grubs 
killed. 

Centre 8. Market Garden* 

On May 25, 1988, a test plot was established on grassland. 
Whizzed Naphthalene at a cost of I 2 s« pe^ cwt. was applied at 
the rate of .8 cwt. per acre-^a very heavy thunderstorm washed 
the Naphthidene in. On this field 72 grubs had been eoHectid 
from under approsiiMiely one square ^id cd 
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The plot was examincxi on June 2. No living larvae were found 
from areas examined on dressed plot— 42 dead were collected. 

A seeoiKl test plot of acre on ground being prepared for cab- 
bages was also put down on May 25. On this plot swedes were a 
complete failure in 1982. A thunderstorm washed the naptha- 
Icne in — this material was rather moist and after the rain formed 
a soapy scum which persisted for several hours on the surface of 
the ground. 

This plot was examined on June 14th — all the grubs found 
were dead while, on the neighbouring untreated cabbage plot 
numerous healthy grubs were found attacking the plants. 

Centre 4. 

Applications at the rate of 2| cwt. per acre were applied 
during a showery period on infested beds of young strawberry 
plants. The Naphthalene was worked into the soil along the rows 
but owing to drought conditions following the application the 
grubs left the plants and no results were obtained. 

A Soot Application. 

At one centre two acres of peas failed owing to chafer attack 
in 1982 and before ploughing in the crop the grower applied soot 
at the rate of 25 cwt. per acre. This dressing was as far as could 
be ascertained quite successful in destroying the grubs and in the 
following Spring the plot was found to be practically clear of 
them, only about a dozen being noticed during cultivation. 

Hand Picking. 

At centre 1 — grubs were collected from a one acre plot on 
which peas failed in 1982. Two boys followed the plough and 
gathered a total weight of 110 lb. This figure represents about 
21,000 grubs per acre. In addition to this number many would 
not be exposed by ploughing and many were also picked up by 
birds. In all, hand collection following the plough was carried 
out on about 15 acres on this holding and in no case was there 
chafer grub injury- to subsequent crops. 

At all the market gardens infested with chafers, hand 
picking of the grubs was carried out, and it seems clear that this 
practice is the most suitable to follow under market garden 
conditions when the land is cultivated during the summer. Even 
when Naphthalene at as low a price as 5s. per cwt. is used it is 
more expensive to apply and less sure in its action than hand 
pickings 
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Birds. 

Birds played quite a cousiderable part iu redueiug the 
numbers of chafer grubs and during cultivation collected very 
many of them. During Autumn cultivation particularly. Gulls 
visited some of the infested fields in very large numbers, and on 
other occasions Rooks and Starlings followed the plough and 
carried off many of the exposed grubs. 


Cottcludoni. 

From observations made it seems clear that Naphthalene at 
the rate of 5-6 cwt. per acre will give control of chafer grubs when 
applied in the early autumn, and that satisfactory control of the 
grubs can also be obtained by summer applications when the 
material can be worked into the ground, or when there is sufficient 
rain to wash it well in. 

On infested land ploughed up between April and September, 
when the grubs are near the surface, the most economical and 
effective control measure would appear to be hand collection 
during cultivation. 

Where turf known to be infested cannot for some reason be 
ploughed up until late autumn a Naphthalene dressing might with 
advantage be applied in September before the grubs go down for 
the winter* 

With regard to the control of the grubs on grassland, control 
was obtained on the test plot at one centre by a dressing of 3 cwt. 
per acre, at another the test failed owing to the abnormally dry 
weather conditions. 

It seems advisable that where Naphthalene dressings are 
resorted to, applications of 5 or 6 cwt. per acre should be given. 
In one case on grassland and one on arable land control was 
obtained by applications at half that strength, in each of these 
two cases however exceptionally heavy rain followed the applica- 
tion and may account for the satisfactory result. 

It appears that a heavy dressing of soot may also be effective 
as a c&ntrol measure. 


REFERENCE. 

Davibs, W» Genersl View df the Agricultursl mul Domestic Economy of 
South Wales. Vol. J, 1815. 



PRELIMINARY NOTE ON GRASS DISEASE 
INVESTIGATION IN SOUTH-WEST WALES. 

By D. C. Lloyd, B.Sc., 

University (Allege, Aberystwyth. 


In spite of a considerable annual loss of horses due to Grass 
Disease in South-West Wales, little attention, at least on a 
co-operative basis, seems to have been given to the outbreaks 

The disease, which almost invariably occurs only in horses 
which have access to growing grass, was first recognised in Scot- 
land in 1909. There it has spread inland from North East Angus 
to Perth, north to Aberdeenshire and other counties, and south 
to Northumberland. Sporadic cases have been noted in south- 
east England and the Severn Valley. 

In 1922 the disease became established in St. Dogmells, 
Pembrokeshire. It has been confined almost exclusively to the 
south of the river Teifi, and is most prevalent in the St. Dogmells, 
Moylgrove and Eglwyswrw districts* Since 1928 it has spread into 
Carmarthenshire. No cases have been noted in other parts of 
Wales. 

Most of the work on the disease has been carried out at the 
Animal Diseases Research Institute, Moredun, Scotland, and the 
following account is largely based on their efforts. 

Conditions of occurrence. 

Outbreaks occur on the most varied pastures, usually about 
two weeks or more after the horses have first been put out to 
grass, but often after a change of pasture. 

Maximum incidence thus occurs in May and June soon after 
the horses have been turned out, falling to a minimum in 
September, whfle there are a few attacks during autumn, winter 
and early spring on pastured colts (this seems to be rarer in 
Wales)* Evidence as to the associated weather conditions is 
conflicting. 

Outstanding features of the disease are first, its erractic 
appearance in the affected locality; thus in the Moylgrove 
district, interspersed among the affected farms, are ones which 
have suffered no loss, though no environmental differences can be 
detected ; and, secondly, there is considerable evidence to show 
that even on affiScted farms, the infective area may be limited to 
one or two fields, |he remainder of the farm being safe* 

an 
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Symptoms. 

The symptoms of the disease are sufficiently well known not 
to need detailed description. There is a loss of appetite and bowel 
movements are sluggish^ becoming completely inactive in acute 
cases. There is frequent difficulty in swallowing and a continuous 
and progressive depression. 

Post-mortem examination in acute cases, shows the stomach 
to be markedly distended with fluid, the small intestine normal, 
while the large is impacted with hard dry excreta. 

In sub-acute cases the stomach is not distended and the 
intestines are relatively normal. 

Etiology. 

Extensive work at the Moredun Institute has failed to 
demonstrate the casual agent. No plants other than common 
pasture and weed plants, together with their associated fungi, 
have been discovered on infected pastures. Feeding with these 
has proved negative, as has also feeding of faeces from infected 
animals. 

There is no evidence that the disease is contagious nor have 
pathological organisms been demonstrated in the tissues, and there 
is no indication of a protozoan or filterable Virus being the cause. 

Mode of Transmission. 

The disease is apparently not contagious or infectious. In 
Scotland it has been found to spread in the teeth of prevailing 
wind, and to be checked by a broad stream or river. Recently 
a possible correlation with the Springtail Sminthurus viridis has 
been suggested. 

It has been noticed that the areas of maximum incidence of 
the Sminthurus sometimes coincide with the areas affected with 
Grass Disease, and that Pembroke is one such locality. 

A study of the incidence and habits of the insect and the 
conditions of occurrence of the disease showed the following re* 
lationships (Moredun)* 

The Springtail is pre-eminently a clover feeder and since the 
introduction in Scotland in 1915 erf Wild White Clover, the insect 
has rapidly multiplied and the disease rapidly increased. 

Wind and rain reduce the population^ of Sminthurus m the 
plants, while wet windy weather causes a djeeline of Grass IMsegset 
In Wales it is maintained that the reverse holds, outlueaks bdh||[ ; 
frequent after sudden rein following a dry sp^, 
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S.viridis has two seasonal optima — ^May-June, and Septem- 
ber and accurs in smaU numbers throughout the year. The 
second maximum thus coincides with minimum incidence of 
the disease but this does not exclude the possibility of the Spring- 
tail being a vector. 

Close grazing by sheep very markedly reduces the population 
of 8, viridk and the practice of sheep grazing appears to have been 
of some preventive value. 

Spread of Sminthurus and also of the disease is checked by 
a broad stream or range of hills 

8. viHdis is both a soil and leaf feeder and thus it may 
contaminate certain plants with soil organisms. 

However, numerous sweepings of Sminthurus and other 
insects administered to horses during the Grass Disease season 
failed to give any definite symptoms. 

On a suggestion from Scotland, the writer, under the 
supervision of Mr. .T. R. W. Jenkins, Advisory Zoologist at the 
University College of Wales, Aberystwyth, has commenced an 
investigation into the incidence of 8. viridin in affected and 
unaffected areas, and the opportunity has been taken to include 
a general seasonal survey of the Arthropod fauna of the grassland 
of the district also. 

The absence, after years of experimental work, of any definite 
clue as to the casual factor, seems to indicate that an intensive 
ecological survey involving co-operation of chemist, botanist and 
zoologist would be fruitful. To this end tl» writer is collaborating 
with Professor Fagan, who has made chemical investigations in 
the affected localities, with the Agricultural Botany Department 
of this College, and with Mr. N. Bisset, Adviser in Veterinary 
Science, University College, Cardiff. 
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ANIMAL NUTRITION. 

A bstractor : 

R. O. Davies, M.Sc., University Collcig:e, Aberystwjrth. 

Animal Nutrition; Methods of Experimentation in. 

(iKOROE Dunlop. J. Agr. ScL 23, 

The merits and drawbacks of different methods in aiiiiiml feeding* 
experiments are discussed. A new method involving individual rationing, 
and random distribution of the animals for statistical analysis of the 
results is described. R.O.D. 

Artificially Dried Grass ; The Influence of — in Winter Ration of the Dairy 
Cow on the Colour and Vitamin A and D Contents of Butter. 

S. J. Watson, J. C. Drummond, T. M. Hbildron, and R. A. Morton. 
Empire Joum. of Expt, Agr. (1933), 1, 68-Rl. 

By the inclusion of a sufficient proportion of artificially dried grass 
in the winter ration of the dairy cow it has been possible to prodii<*e 
butter which, in regard to colour and vitamin A cohtent, is equal to 
the butter produced in summer from grass fed cows. R.O.D. 

Beef Production; Relative Values of Swedes, Potatoes, Dried Sugar Beet 
Pulp and Silage in. 

W. G. R. Paterson. Trans. HighL nnrl Agric. Soc. Scot. (1983), 4,'5, 
23-45. 

The following results were obtained from three experiments carried 
out at Auchincruive ; — 

(a) 40 lb. potatoes per head per day could be safely and efficiently 
fed to cattle with no adverse effect on the quality of flesh. 

(b) In a fattening ration containing 72 lb. swedes all or part of the 
roots could be adequately replaced by beet pulp. 12 lb. of dried sugar 
beet pulp replaced the full 72 lb. swedes and when fed in three feeds of 
i lb. could be safely fed dry. 

(c) The results of comparing sugar beet pulp and silage on a 

matter basis showed a slight advantage for the beet pulp, but it was 
noticed that the greater bulk of the silage ration led to a decreased hay 
consumption. R.O.D. 

Cripples ** in Lambs. 

W. L. Stewart. Vet. Her. (1938), 13, 109-12. (Armstrong Coll., New- 
castle-upon-Tyne). 

** Cripples ” is a disease of lambs occuring on permanent pasture 
grasings. Lairtbs from one to two weeks old 'are most susceptible. Both 
the calcium and inorganic phosphorus of the body of affected lambs are 
stibnormal. The possible relationship of the condition to pasture 
mineral deficiency is discussad. R,0,D, 

WO 
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Dairy Cows; Fish Meal versus Cottonseed Meal as a Feed for. 

Ingham, L. W. Unic, Marylatul Agrtv, Exp, Sta, Bull,, No. 842. 

The result of the feedii^ trial indicates that tliere is no difference 
between the two meals as a source of protein in the rations of dairy 
cows. Costs would be the deciding factor. No bad flavour or odour 
was detected in the milk when fish meal constituted about 13 per cent, 
of the production ration. E.O.D. 

Fattening Sheep; An experiment on the Food Consumption of. 

J. A. S. Watson, D. Skilhkck, J. C. B. Elus. Empire Jovm, of Expt, 

Agr, (1938), 1, 165-72. 

An experiment is reported which confirms the view that the curve 
of “ average dry matter consumption ** for the fattening sheep now 
generally used in this country, gives values that are substantially too 
high. It is suggested that true curves for normal dry matter consumption 
should be based on a figure of 3 lb. j)er KX) lb. live weight per day 
when the ration (!onsists mainly of air dried foods of high palutability, 
fed in reasonable variety and ad, Uh, ; and that the normal consumption 
on the typical British ration is about 2.6 lb. per 1(X) lb. live weight 
per day. R.O.D. 

Lucerne; Nutritive Value of. 1. Preliminary Studies. 

H. E. Woodman, R. E. Evans, and D. B. Nohmax. J, Ayr, Sci, (1983), 

28, 419-58. 

Details are given concerning yield, composition and nutritive value 
of lucerne crops in different lot'alities during 1932. The results of the 
digestion trials show that the lucerne both in bud and flower was very 
distinctly inferior in dige.stibility and nutritive value to pasture herbage. 
This difference in digestibility ^vas particularly marked in the case of 
the fibre, which in pasture herbage is non>lignified and of high digest- 
ibility, but ill Iwerne is w’oody and of low digestibility. Further 
investigations are in progress. 

R.O.D. 


Mineral Metabolism; Studies in. 

18th Rep, Director IVf. Serrieem ami Animal Indn»f,, Vnion S, Africa 
(1932), 703-32. 

A study w'as made of the absorption of calcium and phosphorus liy 
bovines with varying CaO : Pj,0^ ratios in the diet. The calcium elimin- 
ated via the kidneys increas^ when the ration was low in phosphorus. 
Tlie addition of sodium phosphate to a ration low in phosphorus 
influenced the absorption and retention of calcium favourably. The 
addition of calcium carbonate to n ration low in phosphorus reduced 
the absorption of phosphorus. R.O.D. 

Palninbiltly; IW-^-of the Self EstnblUhing Species Contributing to 
Difforant Tjrpos of Cimsslend. 

W. E. J. Milton. Empire Joum, of Expt, Agr, (1938), 1, 847-60. 

The relative palatability of miscellaneous herbs, grasses and clovers 
on widely differing types of grasing land is given. 

The relative palatability of the miM'ellaheous specids was approxi- 
mately the same for each type of grasing land examined ; but the grasses 
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showed variation, ohieHy due to stage and type of growth and the 
presence of bum. 

The importance of the miscellaneous herb group in terms of relative 
productivity and amount eaten is indicated, and the mineral and dry 
matter contents are discussed. R.O.D. 


Poultry Feeding; Bulkiness of Food as a Faetor in. 

T. Shaw, £. A. Fisher. J. Min. Agr. (1988), U), 827-87. 

The work described demonstrates that the undoubted bulkiness of 
dry bran is no detriment to its use in considerable pro^rtions as a 
constituent of poultry mashes. It is the bulkiness of the ration which 
roust be considered, not that of the individual foods composing it. 
The bulkinesB of bran is in no way abnormal when the bran is fed in 
combination with other foods, t.e., in mashes. R.O.D. 


Preserving Fresli Fodder; The A.I.V. Method of. 

A. I. ViRTANEN. Empire Joum. of Expt. Agr. (1988), 1, 148-58. 

The discovery and theoretical basis of the A.I.V. method is dis- 
cussed, together with the physiological effec^t of the fodder on animals. 
Experiments with mixtures of hydrochloric and sulphuric acids showed 
that small amounts of sulphuric acid have a favourable effect on the 
functions of the intestines, and at the same time are physiologically 
quite harmless. The A.I.V. solution in use at Helsingfors over the 
last four years has invariably contained a small amount of sulphuric 
acid in addition to the hydrochloric acid. Feeding trials with fodder 
preserved solely with sulphuric acid, showed that this acid cannot be 
used alone. R.O.D. 

Piillat, The Nature of the Calcium and Phosphorus Combination in the 
Ezoreta of the non4aying. 

F. Knowles, J. E. Watkin and F. W. F. Henorv. J. Agric. Sci. (1988), 
28, 196-208. 

Metabolism experiments were carried out on three rations differing 
only in the amounts of calcium and phosphorus supplied in various 
combinations. The data obtained indicate that in the case of a ration 
containing adequate amounts of calcium carbonate, the normal form In 
which phosphorus is excreted by the non-laying pullet Is as dicalchim 
phoBjdiate, any excess of calcium over that needed for its formation 
being excreted as calcium carbonate. R.O.D. 

Petalaas and the Pig. 

T. S. Wright. J. Min. Agr. (1988), 40, 605-11. 

The results of the feeding exp^ment indicate that for aatisfaetory 
feeding cooked potatoes should not be included in rations for pigs pnder 
four months old, after which they can displace one third of the slaichy 
foods until the 0fth month when. If desiredih the proportion can be 
gradually increased to a limit of two-thirds. Beyond that amount tfie 
feeding of ware and seed potatoes would appear to be uneconomic. 

itoa. 
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E. J. HmUTs. J. Min. Agr. (1983), 40, 837-48. 

Ubs^vatiuns are made on a condition of lambs often said to be due 
to, Iheir grazing “ sheep skli; ” Umd. Whether this condition is caused 
by parasitism tir by a nutritional defect is not determined. 

R.O.D. 

Stomach Worm; The Influence of the Nutritional State of the Sheep ott 
tie SuacepUhility to Infestation with. 

A. H. H. Fraser and David Robertson. Empire Joum. of Expt. Agr. 
(1983), 1, 17-21. 

An experiment was carried out to determine the effect of nutritional 
states on the degree of parasitic infestation of sheep exposed to an 
equal chance of infex'tion. The results show that well fed lambs have 
a higher degree of resistance to infection than those poorly fed. 

R.O.D. 


Sterility in Farm Livo Stock. 

A. Buchanan Smith. Scottish Joum. Agr. (1988), 282-98. 

The principal factors which cause sterility are discussed, and the 
effect of nutrition on the fertility of farm stock is dealt with. An 
otherwise balanc<»d ration may be deficient in one substance requisitf 
for fertility. The deficiency is most likely to be phosphorus, calcium, 
vitamin A, vitamin E or an animal protein. It is also possible that the 
excess of a spcH’ific substance can also lead to sterility. In addiiton to 
the direct influence of diet on fertility there is also the indirect effect 
throuigh its modifying action on susceptibility to infection. R.O.D. 

Sows aad Littara; Feeding of. 

W. A. Stewart. J. Min. Agr. (1988), 40, 169-78. 

The rationing of sows and litters is discussed in the light of recent 
experience and the renewed interest in pig-breeding. R.O.D. 

Wool Growth; Variation in the Protein Intake of Sheep in Relation to. 

A. H. H. Fraser and J, A. Fraser Robert.s. J. Agr. Sci. (1988), 28, 
97-107. 

Two lots of twenty sheep each were fed indiwrs on rations known 
to produce satisfactory growdh. One lot was fed on a protein deficient 
ration, while the other lot received .52 per <‘ent. more digestible protein. 
There was no signifle^ant difference between the two groups in respect 
of any of the wool characteristics measured. The high proportion of 
wool produced by the low protein group in comparison with the amount 
of digestible protein fed makes it probable that synthesis of cystine 
occurred. It is suggested that this synthesis may be a special function 
of the wool follicle. R.O.D. 

Whola and Saparalsd Milk; Tha Relativa Value of-— fortified with 
Tapieea or with |ilent oils aud cod liver oil. 

S7th l{apt. Inst. Animal Nutrit. Roy, Agrie. Coll.^ Norwiy (1988). 

The restiRs of several years’ experiments on pigs and calves to 
atud]f the effoct of replacing the fat of whole milk by ca’rbohydrate or 
other fats are summarised and discussed. The basal rations for pigs 

W. 
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was of cereals, for calves of hay. Replacement of milk fat with tapioca 
of equivalent energy value was found to give very satisfactory results 
with both pigs and calves. There was no indication of deficiency of 
fat soluble vitamins on the tapioca ration. R.O.D. 

GENERAL. 

Ahatractor: 

Professor R, G. Stapledon, G.B.E., M.A., Welsh Plant Breeding Station, 

Aberystwyth, 

# 

The Empire Journal of Experimental Agriculture. 

The number of journals dealing with agriculture and agricultural 
science is already considerable, and to this number has now been added 
the Empire Journal of Experimental Agriculture. 

The new Journal is, however, cordially to be welcomed on many 
grounds. As the title sugs^ests, it deals more essentially with experi* 
mental agriculture, with field trials, agricultural practice and livestock, 
rather than with laboratory researches. The Journal addresses itself 
to the agricultural problems of the whole Empire, and articles are 
contributed by overseas workers as well as by those in Britain. Tlie 
Journal is published by the Oxford University Press, and has a par> 
ticularly representative Editorial Board — ^representative from the point 
of view both of subjects and of the different countries of the Empire. 

The Journal is published quarterly at 7s. fid. a number, and the 
first issue appeared in April, 1988. * 

The thirty-seven articles published in the first volume cover a wide 
field. Of particular interest to workers overseas we may note ** The 
Manuring of Tea ” and ** The Residual Values of Leguminous Crops.” 
Perhaps of chief interest to workers in Wales are the three articles 
dealing with sheep problems, and those devoted to various aspects of 
the management of grassland. 

Under this latter heading Welsh readers will be particularly inter- 
ested in a series of papers contributed by Mr. M. G. Jones (formerly on 
the staff of the Welsh Plant Breeding Station). By carefully controlled 
experiments Mr. Jones has demonstrated the magnitude of the effect 
of the (grazing animal in controlling the botanical composition of the 
sward. 

The new Journal has undoubtedly set itself a high standard, and 
it can definitely be said to have taken its place with the important 
Journals devoted to agricultural science, and all the indications are 
that it will cover a field that has not adequately been catered for by 
other and more specialistic periodicals. R.G.S. 

^ LIVE STOCK. 

Abstractor : 

A. D. Buciiavan Smith, M.A.. B.Sc., F.R.S.E., Department of Animal 
Genetics, Uni verity of Edinburgh. 

Artificial lasamiiiatioa; The Techalqae of. 

A. Walton. Imperial Bureau of Animal Genetiea, with Introductory 

Chapter (1988), Edinburgh, Oliver and l^yd, Price 28. fid. 

Hie progress recently made, particularly in Rusda, with methods 
of artificial insemination is striking. The greater part of the woik has 
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been published in foreign languages. We are greatly indebted to the 
Imperial Bureau of Animal Genetics for bringing together in a concise 
manner the present status of our knowledge on this subject. 

The Introductory Chapter is written by Dr, Walton, of the Cam- 
bridge School of Agriculture, who has had more practical experience 
than anybody else in this country. He treats, in an interesting manner, 
the physiology of artificial isemination, and this account is full of 
fascinating infonnation. Why, for instance, are so many spermatoza 
liberated by the male? Are they essential or do they merely represent 
a superfluity? Dr. Walton points out that an increase in the number 
of spermatoza present increase proportionally the number of active cells 
at any given time; hence an increase in the number of spermatoza 
increases the effective duration of the sample. 

As regards the survival of fertility of the spermatoza outside the 
body, Dr. Wialtou states that a reduction of temperature is perhaps the 
most important factor, but that the exact optimum of each animal 
must be worked out in detail. Dilution is also important, and likewise 
the semen must be protected against exposure to the air. 

The next section of the book deals with the Technique of Artificial 
Insemination, and should be studied in detail by anybody desirous of 
applying it. There is a Chapter on the application of artificial insemina- 
tion in stockbreeding practice from which the following are taken. 
In Russia at one collective farm 170 cows were inseminated once each 
with one dose of undiluted sperm. The percentage of ** settling ** was 
*81.2 per cent. With one dose of diluted sperm (1 : 1) 1,851 animals 
were inseminated, and 87.6 per cent, of this number settled to the 
service. As many as 1,000 and more calves have been obtained from 
one bull. There are no technical obstacles to prevent 1,200-1,500 calvek 
being sired by a single bull during a sixty days’ breeding season. The 
principal obstacle is one of organisation. 

At the present moment the Russians find it possible to inseminate 
with sperm from a single mating of the best imported rams no less 
-than fifty ewes which is, takii^ two matings per day, 4,000 ewes for a 
season of forty days. The rate at which cross-breeding and grading up 
may be carried out is thus enormously increased. The Sheep Breeding 
Trust of Russia subjected 96,000 ewes to artificial insemination in the 
year 1981. 

A good Bibliography is attached. 

A.D.B.S. 


ConlormatiOn and Milk Yield in Friesian Cows; A Study of Some 

Points of. 

F. H. G.\rner (1982), J. of Dairy Res., Vol. 4, pp. 1-10. 

Preliminary work was done on .>00 rec'orded Shorthom cows in Berk- 
shire. but these figures had to be rejected owing to the difference in 
dairy and dual purpose t^’pes of the breed. Accordingly the writer 
made afterwards measurements of pedigree and grade milk recorded 
Friesian cows of a uniform type, found near St. Paul, Minnesota. The 
figures particularly refer to fifty-seven cows, all of which were over 
four and a half years of age. 

The milk yields were taken as produced by the cow, but all cows 
that had been* in milk for more than 865 days were eliftiinated, and 
finally the total number of cows measured was 461. 
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The writer found thot it was iiit{>ortant that a cow should have • 
long body; the correlation here was not much> but significant. He- 
found that the height of the hindquarters of the cow was more highly 
correlated with milk yield than the height of the forequartm. The 
coefficient of correlation between yield and width at the hooks wae 
also signifii*ant, and bears out the opinion of judges who prefer a cow 
with a large pelvic girdle. 

With regard to t'onstitution, a significant c‘orrelation was obtained 
between the cirt'umfereiice of chest and milk yield but not between 
depth and width of chest, though the writer concludes t^|it these last 
two measurements could not be so accurately made as the first. 

Capacity ” was measured by the width of barrel at the thirteenth rib- 
and by the circumference of barrel and again a significent correlation* 
was obtained, namely + .27 in respect of circumference of barrel. 

Concerning those measurements indicating mammary development,, 
the writer points out tliat the blood leaves the udder by six different 
veins and that only two of these, the so-c*alled milk veins, are visible,- 
Where the veins turn suddenly upwards, some 6-12 inches from thr 
fore-legs, the milk wells are produced. The ({uestioii arose as to* 
w’hether the milk wells were larger on bigger fows not because of 
higher milk yields but to be proportionate to the frames of the cows. 
Jt was found that the size of the c*ow did not materially influence the 
size of the milk well. Measuring size by the height at the hooks andf 
holding this figure constant, a positive correlation was obtained between’ 
size of milk wells and milk yield of -f 0.65. The writer concludes that 
the total area of the milk wells is thus an excellent indicator of their 
milk producing ability, l^sunlly a large milk well will take the tip of 
the middle finger of a normal man, and altliough one w’ould never 
attempt to judge a cow by one point alone, the size of the milk welle 
is probably the best single point indicating milk producing ability, ft 
is further stated that there may he a close relationship between the size 
of milk wells in parents and the milking capacity of their daughters. 

A.D.B.S. 


Conformation of the Cow as Related to MBk Secretion. 

J. W. Gowen. (19fl«). J. Affric. Sei., Vol. 28, pp. 485-518. 

Conformation of the Parents as Related to the Milk Secretion of the 
Daughters. 

J. W. Gowex. (1988). J. Agric. Scu, Vol. 28, pp. 514-8. 

In these papers the writer has brought to fruition a study upou* 
which he has been engaged for the past ten years. 

A striking feature is the marked influence of the weight of the cow 
on her milk and butterfat production as contrasted with the other 
elements of type. The other measurements making up type when com- 
bined appear to have an influence equal with weight on the milk pro- 
duction or butterfat yield of the cow. The body measurements which 
were taken—height at withers, depth at withers, heart girth, paunch 
girth, width at hips, body length and rump length — are dependent u|x>nr 
the skeletal development of the cow. Weight takes into account not 
only the sige of these bones but also the amount of flesh which is on 
them. • A difference is thus to be expected between the relation of weight 
to production and of the type measurements; such a differeiu‘e wae 
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4>btained. It would appear that not only the sisse of the cow as deter- 
mined by her skeleton, but also the degree of fleshing which she carries, 
}ias a pronounced induciu'c on her prcxluctive c‘ai>acity. 

If, however, the measure of worth is to he the relation of energy 
intake of thc^ f<x)d the animal consumes to the energy found in the 
j)Mlk prodwed, then the effect of weight on quantity of milk produced 
seems to be offset by the extra energy necessary to maintain this 
aveight. 

The writer miya that the cow*s (‘on format ion is, on the whole, a 
rather inferior means of predicting future milk jirotlucing capacity. 
From a production standpoint the signiffc*aiit items in mature form 
4.‘onformatioii or type are — the siae of €‘ow, the size and characteristics 
.of the udder and milk veins, and the wedge-shaped form characteristic 
of dairy cattle. The writer states that he is not in favour of neglecting 
the information that a study of conformation can give, since it has 
one real advantage in that it shows the present status of the cow’s 
physical health, and wiMjther the mammary gland is physiologically 
mormal. 

In the sec<ind paper, which, like the first, ileals with Jerseys 
in the American Registry of Merit, it is found that there was no out- 
standing relation between the conformational ineasureinents of the sire 
iind the production of his daughters. J'he weight of the sire ap|>eareii 
io have a slight imixirtance in indicating what the daughter’s probable 
production would be in milk and in butterfat yield. From these facts 
the wT*iter draws a tentative conclusion tliat tiKJ sire should be of good 
w’cight to pwduce daughters whose pwHliiction of milk would be above 
the average, but that the relation is not u parti<’ularly close one. 
Similarly, there is but small relation l>etw’een the (Kuiformation of the 
dam and the pro<luction of the daughter. Here again w^eight of the 
dam is the most important element of conformation in indicating what 
the probable production of the daughter will be. The other body 
measurements show practi<'ally no relation to the daughter’s produetion. 

A.D.B.S 


Cows Progeny; AretHigh Recorda Harmful te a. 

L. CvOPisLASU. (19212). JvTHCff BulK^ Vol. 51, pp. 228-il. 

It is the belief of some breetlers that a high record of milk produc- 
tion not only ruins the majority of the dairy ixnvs completing such 
rei'ortls but also impairs their transmitting abilities, with the result that 
their daughters and sons Iwrn after they have completed a high record 
are definitely inferior to those which were born before the high record 
was made* 

Mr, Copeland lias studied this question with the material at his 
disposal in the ()ffit*es of tlie American Jersey Breed. He selected 
llff medal of merit Jersey bulls wlwse dams have completed a record 
►of over 600 lbs. of fat. Fifty-seven of these were born after their 
dams had completed the record, while fifty-six were born before they 
had finished a rei*ord higher than 600 lbs. 

Similarly as regards the daughters, the basal line for their dams’ 
productioit was taken as 700 gallons. For these it was found that the 
:;average production of their daughters lorn before the clam had com- 
pleted this record was 651 lbs. of butterfat as compared to* an average 
•production of the daughters Iwrn after the dam had completed her 
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record of 632 lbs. This and other data indicate strongly thot the 
making of a high record has no influence whatsoever on a cow’s trans- 
mitting ability. While “ forced feeding ” may be harmful to the cow 
herself, such harmful efEects are not transmitted to the progeny. It 
seems unwarranted to draw any other conclusions from these data, and 
these conclusions are consistent with modem genetic knowledge. 

As a supplement to the main investigation, a study was made of 
the fecundity or the reproducing ability of nearly 1,200 cows with 
records of over 700 lbs. of butterfat. Only those cows were studied 
which had made records of over 700 lbs. at under six ybars of age. 
Five per cent, of these cows had no registered progeny bora after their 
records ended. In many cases the high producing cows had as many 
as six, seven, or eight progeny, while one cow had eleven calves bom 
to her after completing her record. 

On the whole the conclusion is that extreme production has not 
affected the fertility of the cows. At the same time over-stimulation 
for production certainly does result in barrenness. With good care and 
management a cow with the correct hereditary constitution can be 
expected to give a high yield of milk without impairing either her own- 
fertility or the vigour or productivity of her progeny. A.D.B.S. 

Early Breeding on Ewes; The Effect of. 

D. J. Griswold. (1988). Amer. Soc. An. Prod., pp, 181-8. 

At the beginning of 1927, 244 range raised Hampshire Rambouillet 
ewe lambs that averaged 74 lbs. were delivered at the Nortli Dakota^ 
Experiment Station at Fargo. Half of these — 122 lambs — ^were placed 
in breeding pens to produce lambs in May, 1928, the other group was- 
kept open till late in 1928, when both groups were bred to produce* 
lambs in May, 1929. Both groups have been bred each autumn for 
May lambs, and they have again been placed in the breeding pens for 
the 1988 crop. Except when it was necessary to separate them for the^ 
first breeding and lambing season, the ewes have run together the whole 
time. They were fed liberally enough to produce good growth andi 
development, but no attempt was made to force them. In September. 
1927, they weighed 74 lbs. Of the 122 lambs in the breeding pens- 
in 1927, 104 conceived and produced 105 lambs in 1928. This was a 
production of 86 per cent, on the basis of ewes in the breeding pens. 
The young mothers had a good supply of milk, but many lambs were 
weak and had to be band fed. In spite of the best care that could 
be given, the mortality was high. Only seventy-eight lambs survived 
to October 8rd, when they were weaned at an average weight of 
68 fKninda. The following May both groups produced lambs. Amongst 
the first group which had already given bir^ to a crop of lambs, the 
average weight of their lambs at weaning was 1 lb. greater than the 
other group which had never previously given birth to lambs. 

In 1980 the average weight of the lambs at weaning was one pound 
greater tor the yearling-bred group in 1929; three pounds greater in 
1980; two pounds greater in 1981 and five pounds greater in 1982, 

The percentage of fat lambs at weaning "also has been consistently 
in favour of the yearling-bred group. The figures are sixty*eight to 
sixty-two in 1929; sixty-four to fifty-^ht in 1980; forty-six to foety* 
five in 1981. and eighteen to ten in 1982. 
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It iB yet too early to know whether these lamb-bred ewes will out- 
live their usefulness sooner than those not bred until one year older. 
At the present time, when tlie ewes are five and one-half years old, no 
definite indication that such will be the case has been observed. 

So far the mortality from all causes has been the same, 25 per cent, 
for each group. A.D.B.S. 

Horses anil Ponies; The ** Pied and ** l^lashed White Patterns in. 

V. Klemola. (1938). J. Hered,, Vol. 24, No. 2, pp. 65-9. 

The piebald or skewbald pattern of horses behaves as a simple 
dominant. That is to say, that a piebald horse can only be obtained 
when at least one of its parents is also piebald. WaU eye is rarely 
associated with the piebald character, and however little colour may be 
shown on a piebald animal, some colour is always to be found upon its 
head. 

In the character to which the present writer refers, the pattern 
factor is very nearly the reverse to that of piebald, since it is the head 
which lacks colour. This marking has been termed “ Splashed White,'* 
and is associated with Wall eye. This “ Splashed White ’* is inherited 
in a recessive manner. A.D.B.S. 


Inbreeding Berkshire Swine. 

E. H. Hughes. /. Hered. (1938), Vol. 24, pp. 199-208. 

This paper refers to various inbreeding experiments which are 
being conducted for pigs in different parts of the United States, but 
particularly deals with the inbreeding work on Berkshire pigs conducted 
at the (Californian Experiment Station. The average number of pigs 
farrowed in the inbred litters has been greater (9.8 pigs per litter) than 
the average for the Berkshire Herd (8.1). There has, however, been a 
slight but gradual decrease in the number of pigs farrowed in the 
inbred litters of recent years. The type of the pigs in the inbred 
litters has been similar, which shows that uniformity has been obtained. 
There have been no structural abnormalities found in any of the inbred 
pigs, nor any of the unusual colourations reported by other workers. 

A.D.B.S. 


Inbreoding in Cattle. 

T. E. Woodward and R. R. Graves (1988), U.S. Dept, Agric, Tech, 

Bull, No. 889. 

Deliberate experiments into the hereditary constitution of cattle are 
few and far between. They could indeed be almost numbered on the 
fingers of two hands. Those which have been brought to anything like 
a cmiclusion are even fewer. The present experiment designed to study 
the results of inbreeding in Guernseys and Holstein Friesians was com- 
menced in 1912 at the United States* Dairy Experiment Station at 
Beltsville, Maryland. The originators asked themselves this question : — 
a good dairy herd be bred up from an ordinary one by the use 
of only one g;ood bull?” 

In 1912 sixteen cows of mixed breeding were purchased. They were 
of only average production and showed traces of Shorthorn, Angus, and 
Jersey breeding. A Guernsey bull was purchased and mated to them; 
he was again mated to his own daughters out of these rows’ and then to 
his grMd<4augh{ers, and finally his sons and grand-sons were mated 
to the inngeny. 
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A of defok-med cidTes kfesillted fr<im this smfee of inbreed- 

ing. They 'were ell of the type known as the bnll-^Og catf/’ ahd the 
e^ende available indicates that this harmful character waB Oaitied by 
the Guernsey hull, and the results closely agree With those obtained by 
Professor Crew at the Institute of Animal Genetics. 

As regards the production of milk and butterfat, the yields Of the 
first generation daughters (outbred) were about the same as their dams, 
bnt the butterfat yield was higher by some 20 lbs. The inbred grand- 
daughters (which were also daughters) produced slightly less milk than 
their dams hut gave considerably more butterfat. From this we can 
conclude that the bull employed did not possess inherent capacity of 
falsing the total yield of milk, but that he had, to a minor degree, the 
hereditary ('onstitution for higher butterfat than the cows to which he 
Was originally mated. 

In the year 1910 the authorities realised that the results of such 
an experiment would depend largely upon the individuality of the bull 
used. Accwdingly they pimhased a Friesian bull which they used on 
the same foundation cows as those used for the (jucnisey bull. 

Inbreeding did not adversely affect the readiness with which the 
coWs conceived. From 1926-01, 89 highly inbred calves were bom and 
there w’as no unusual, occurrence of abnormality. In fact more 
pregnancies terminated normally than was tlie case in the outbred herd 
which was maintained at the same place at the same time and under 
the same conditions. « 

During the twenty years of this inbreeding experiment, only one 
deformeel calf was born and this deformity was not the same as that 
found in the inbred Ciuernseys. At first the birthweight of the calves 
showed a tendency to rise from 82 lbs. with the first (outbred) genera- 
tion (21 calves) to 108 lbs. (18 calves) with the inbred generation by a 
son of the original bull. Much the same holds good as regards the 
growth rate of the inbred animals, but as regards sise of the cows at 
maturity there is a differeni'e. As inbreeding has become more intense 
there has been a definite trend in the direction of heavier weight at 
maturity, and this has not been accompanied by any sign of a loss of 
vigour. Only one of the inbred cows has been a delicate feeder. 

The foundation cows hod a yield of 1,160 gallons. The first 
generation daughters (outbred) gave 1,55.7 gallons with an increase of 
70 lbs. in butterfat yield. A subsequent generation has given 1,828 
gallons with an increase on the yield of the foundation cows of nearly 
100 lbs. of butterfat. 

In this experiment a bull that proved to possess an Inheritance for 
a^igh level of milk production has been mated to ordinary grade cows, 
and has brought about a big increase in production, especially in the 
first generation (outbred) daughters. Subsequent improvement through 
inbreeding was slow. The waiters are of opinion that the hereditary 
c'otistitution of a bull influences production more than the system of 
breeding. A.D.B.S 

Pknegtumey in l>ofifeitSc Animals; The IKeleflc^ Diiajifneali ef • 

S, A. AnsiCLL and L. L. Maosbn. (1988). CehmeU Fefetvnarlen, Vbl, 28, 

No. r, pp. 59-68. 

With certain animals diagnosis of pregnancy Is hecoliiing ati 
established fact, and Is being rapidly incorporated into bdtb tnediknil 
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And agriciiltiml practice. At the Institute of Animal Genetics in Edin- 
>buF||^h, two pregnancy diagnosis stations have now been established for 
some time upon a commercial basis^ relating to the human and to 
mares« In each case the degree of acTCuracy is about 98 per cent. 

In the present paper the writers review the main methods employed 
in diagnosing pregnancy. The first is what is termed the “ placental 
sign ” and consists of a leakage of small cells (erythrocytes) from the 
foetus at an early stage of pregnancy. This leakage may be detected 
by microscopic examination. It was first noted in the rat and has also 
been found in some kinds of monkey. It would appear that it is also 
likely to be found both in the eat and in the dog. 'rhe writers have 
.endeavoured to sec whether this method could be applied to cattle, but 
have failed in their attempt. 

The second method is now being used with great success in the 
luiman, and depends u|)oii the presence of a hornionic? or similar action 
from the gonad which stimulates the blood or the urine. Tliis substance 
may be detected by its effects on the ovaries of the immature mouse or 
rat. Urine or blood serum containing this substance wlien injected into 
these animals over a period of four days, causes development of the 
.ovary. This reac^tion was disc'overed by Drs. Zondek and Aschlieim in 
1981, and is the routine method now used at the Institute of Animal 
"Genetics in Edinburgh, 'fhis mouse test, as it is commonly called, does 
not work with the blood or urine of the elephant, rat, mouse, rabbit, cow, 
pig. In the mare there are certain other secretions which interfere 
with the full working of the reaction. Accordingly the Zondek' 
Aschheim method cannot always be considered to be reliable when 
Applied to mares. The writers of the present paper were unable to apply 
this method suc<*essfully either to the cow or the goat. 

The third method depends upon the detection of an inc*rease in the 
.content of oestrin in the urine during pregnamy. This method is of 
more universal use than any of the others, but it is not quite so reliable 
AS to results from early pregnancy. It is on this principle that the 
Aquine pregnan<»y diagnosis station at the Institute of Animal Genetics 
is conducted with practically invariable suci‘ess st» long as the sample 
of urine is taken not less than sixty days after servic'e. 

The work of Dr. Turner and his colleagues at the Missouri Agricul- 
tural Experiment Station goes to show that it may be jwssible to apply 
this test successfully to cuttle, but the reliability i>f it may be called in 
4 }uestion before the one-hundredth day, though it is stated that with 
care reliable results may he obtained from seventy days onward, but no 
ihorough investigation appears to have been made of the use of this 
test. In the case of valuable ijedigree stoc’k it is important to know 
at the earliest date if an animal is pregnant. These tests arc also 
of assistance in distinguishing between pregnancy and some forms of 
sterility. The fact that the reactions require experimental animals for 
their carrying out demands the establishment of a central diagnosis 
atatiofi such as has already l>een set up in Edinburgh, where either a 
ireterinary surgeon or a practical farmer may have a diagnosis made. 

A.D.B.S. 
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il«coFcla of Daiiflitors of fifty-oao Ayrtkiro Sirot; Anolytit of. 

M. H. Fourman and R. K. Graves. (1983). U . S , JDept , A^ric. Tech. 

Bull., No. 849. 

This Bulletin is an impressive study of some 600 pedigree Ayrshire 
cows which were entered in the American Advanced Registry Records. 
All yields were corrected for age. The cows were the daughters of 
fifty-one Ayrshire bulls. The correlation of the yields of the daughters 
to that of their dams is -{- 0.262. This is lower than the figure obtained 
by the majority of other studies, and may perhaps be expl|ined by the 
fact that the animals dealt with are not a random sample, since they 
have been selected on the basis of their sires. 

Fifty-four dams had records exceeding 1,500 gallons, but in only 
five cases did their daughters beat their mother’s record. Sixty-five 
dams gave less than 900 gallons, and only five of their daughters gave 
less than their dams. Accordingly the writers conclude that selection 
from the female side alone holds small promise for improvement. 

The 611 daughters produced on an average 16 gallons more milk 
than did their dams. This shows a definite improvement in one genera- 
tion. Mated to the dams which had produced over the average, these 
bulls depressed the yields, leaving the daughters worse than their dams 
by an average of 158 gallons. But mated to dams whose production 
was below the average the bulls increased the yields of their daughters 
by 181 gallons. Not one of the bulls was able to get daughters all of 
which were better than their dams, but three sired daughters, every 
one of which was a poorer producer than her mother. 

Dealing with the question of the yield of the dam of a bull as an 
indication of the worth of that bull, the figures furnish clear evidence 
that the milk record of the dam of a sire does give some indication 
of the transmitting ability of that sire. 

The second part of the paper is concerned with the inheritance of 
butterfat percentage. The dams average 8.97 per cent., while their 
daughters average 4.07, an increase of 0.1 per cent. The coefiBcient of 
correlation between dam and daughter was found to be + .257. The 
group of dams with a butterfat test of over 4.14 per cent, had the 
majority of their daughters giving a higher percentage than they them^ 
selves. There are also figures for the sires. 

They conclude that, when due allowance is made for the effects of a 
fluctuating environment, the Mendelian Laws of Inheritance are adequate 
to explain the breeding results surveyed. There is no evidence for the 
assumption of sex-linkage, but there is no deliberate attempt made to 
examine this point. In agreement with other workers they find that 
total yield and butterfat are indepencleut in tlieir inheritance. 

** Evaluating the transmitting ability of a proven sire requires a 
complete analysis of the performance of all his daughters, due con« 
sideration being given to the environmental influences. This necedt^ 
ates a study of the herd in which the sire was proved. Correction 
factors designed to equaliM these environmental influences are of 
questionable value, as there are no descriptive terms that will adequately 
define the variable conditions under whicli cows are tested. The 
f'ertainty pf success in breeding for uniformly high production is a 
sufficient incentive to cause the foresighted breeder to train himself to 
study and analyze performance records in order properly to select a 
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proved sire. A geoeration ago much effort was applied to pedigree 
analysis, and the same amount of effort devoted to mastering the 
intricacies of record analysis and proper interpretation will equip a 
breeder properly to select sires for his herd. 

** The authors are of the opinion that no so-called bull index in 
existence to-day is so formulated as to afford a guide to constructive 
breeding procedure. At best, the bull index gives only a relative assay 
of the value of an animal as a sire. In a group of poor sires the one 
with the best index would still fail as a sire of daughters of high-milk 
production.’* A.D.B.S. 

Uber die Erblichkeit der Frucbtbarkeit bei Hengsten. (Inheritance of 

fertility in the stallion) . 

Zuchtung$kunde 7, pp. 58-62. 

Microscopic examination of the sperm of a stallion may determine 
his fertility which may also be assessed by the percentage of mares, 
which settle in foal to him. Dr. Kisslowsky has studied the stallions 
in Bast Friesland and has judged their fertility by the percentage of 
foals produced. On an average, 186 mares are successfully mated to 
each stallion in the year. One stallion had during a period of twelve 
years covered an average of 218 mares per year and gave the relatively 
high fertilisation figure of 66%. 

The fertility of 88 stallions was found to be 57.7%. The sires of 
these stallions gave a figure of 61% of mares settled. The lowest figure 
for the sires was 49% while for the sons it was 25%. It was clear, there- 
fore, that the sires had been subjected to selection which had eliminated 
variability and the poorest of them. A significant correlation was found 
between the fertility of the sire and his sons. A.D.B.S. 

Wool Cbaraclm in ** Half-Bred Sheep. 

J. E. Nicholls. J. Agric. Sc., Vol. 28, pp. 478-84. 

The ** half-bred,” the product of the Border Leicester ram and the 
Cheviot ewe, is an important contributor to the fat stock industry by 
reason of the sale of wether lambs for feeding in lowland areas, and the 
use of ** half-bred ” ewes with Down rams for producing cross-bred fat 
lambs. 

In many flocks in the Border districts a second generation of the 
cross is raised by inter-mating half-bred rams and ewes. Some time 
ago the writer examined the claims frequently made that the ” half- 
bred breeds true.” In a previous paper he has discussed the variation 
and segregation which occurred in the first and second generation 
flocks. In noting the real evidence of segregation in the second 
generation the writer then employed only the obvious external differences 
of the fleece. 

In this paper the figures are given of detailed analyses of a series 
of wool samples taken from selected sheep. The wool studied represents 
approximately twelve months’ growth in all the sheep, though the 
animals were of different ages. For comparison, data from a number of 
similar samples from Border Leicester ewes and from a ram breeding 
flock were also included. The individuals for sampling were selected 
with the aid of the shepherds except in the case of the ramS, where all 
those used were sampled. The parental types of wool did not overlap. 
The trool of the Border Leicesters was greater in lengtli than that of 
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the Cheviots. The Border Lcicresters studied were more uniform than 
the Cheviots, while the latter were more rcgnilar in f^bre length. 

As regards the first hybrid generation, the fibre lengtlis were for 
the most part intermediate between the parental types. The ran^e of 
tineness was, however, greater than that of the Border Leicester ewes, 
but not so wide as that of the parental Cheviot samples. 

Among the 88 ewes of the second generation of ‘iialf-bred ” X 
“ half-bred the analyses show a w^ider range of mean fibre lengths, 
also the range of fineness was greater, and the range of mean fibre 
volume overlapped botli the Border Lei<‘ester and tlie** Cheviot shoulder 
scries. 

The writer eoiic-lucles that evidem^ of blending inheritance is not 
manifest in tlie rt*sults, whi(‘h sup)X)rtK the interpretation of multiple 
factors us resiM)nsible for the expression of the wool <*haracters of length 
and fineness. A.D.B.S. 


SOILS AND MANURES. 


J bHrartor : 

Rice Williams, M.Si*., University College, Bangor. 

Aqueous Solutioii of Ammonia ms a Nitrogonous Fertiliser; Ekperiments 
on tlie use uf . 

S. DoIjIU. Ann. Tcv. Agr. (1938), 6, No. 2, 143-61. 

Under the conditions prevailing where these expcjrimcnts were 
curried out, aqueous ammonia solution was found to he a <*heapcr source 
of nitrogen and, when applied to neutral soils in ix)t tests, it gave dry 
matter yields superior to those obtained by treatment with cither 
ammonium sulphate or sodium nitrate, but the nitrogen c’ontents of the 
plants was the same with each of the three s<^urceK of nitrogen. On 
acid soils the yields of <lry uinttcr w'erc less with acpieoiis ammonia than 
with the other two fertilisers, but the nitrogen c*c>ntent of the plants 
given aqueous ammonia was twice as much as those fertilised with 
ammonium sulphate or sodium nitrate. Of the three fertilisers, only 
ammonium sulphate had an effc*ct on the reaction of a soil bearing 
vegetation . R . W. 

'The CalchirndMafiiMium Ratio in Soils and its Relation to Crofi Qrowtli. 

Frank Merer. J. Amcr, Soc^ Agron (1938), 25, 6, 865-7t^. 

Cylinder experiments were carried out on various soils treated with 
lime and magnesite. No correlation was found between the ^cium- 
magnesium ratio, based on the total or the replaceable calciutti and 
magnesium, and crop yields. The significant factor in determining 
yields w'as the amount of active calcium in the soils. Tlie beneficial 
effect of adding lime to a soil was not due to an alt^ation of the 
('afcium-niagnesium ratio, but to an increase of tlie replaceable caleium 
i'ontent of the soil. R.W, 

• 

Chlorine^free Petash Fer^isers on Potatees; Effeol of* v 

1\ El£e. Jahrenber, StadtL Ver$, Mogtttd (1980), 49 (1981)« 

The of potash salts cm the growth of potatees was inveetlgated.’ 
Potash fertilisers containing chlorine reduced the starch in potalPes but 
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inrveaseii the yields. Chloriiie-free sulphate of potash and nitrate of 
jiotash iiK-reased the yields very little, but did not reduce the starch 
content. K.W. 

FartilisatiM of Orchards. A Comparison of Nitrate of Soda and. 
Sulphate of Ammonia. 

n. E. Knowi.ton and M. B. Hoffman. t'a. Aff/\ Sta . Bull . - 

(1982), 252, 2-12. 

Field experiments on the use of nitrogenous fertilisers with apple 
trees showed a marked superiority of nitnite of soda over sulphate of 
ammonia. After tive years the plots receivinpr sulphate of ammonia 
ha<l a considerably hii^her lime requirement than those treated with 
nitrate t»f scnla. The sulphate of ammonia had to be applied at least 
two weeks before the bloom. K.W, 

Hydralod Lime, Limestone, and Dolomite of two degrees of fineness' 
nrith Supplements of fine Clover Hay, as measured by Lysimeter 
LeacKings; The Availability of 

\V. H. McIntyiii:, K. B. Sa.miers and W. M. Siiwv. J. Amcr. SW.. 
Agron. (I9.‘i;b, 2.), 4, 2K5-97. 

P\iur years’ experiments are rei>orted upon from the 'Tennessee 
Exi>erinient Stati<in. It was found that for a soil of jrr)od lixinf? capacity, 
even w'ithout markeil acidity, l(H)-2<)0 mesh tiiieness of either limestone 
or dolomite was as effective as the* e(|uivalent of hyilrated lin»e when 
evaiuate<l by enhaiicetl nitrification and sulphate formation, soluble 
calcium plus magnesium anti repressive effects upon potassium solubility. 
The same was found to hold for the 4P-,iO mesh limestone, but the 4-0-50 
mesh dolomite was not so readily available during the first year. It 
suggested that for heavy acid soils the 40-50 mesh material would be 
quite satisfactory, especially if an appreciable period is allowed between 
incorj^oration and .seeding. The addition of green manure did not 
appreciably increase the los.s of calcium plus magnesium supplied by the 
liming materials. The dressings applied were equivalent to one ton 
of (*aU‘iuni oxide per acre, and during the four year period about one- 
quarter of the added liming materials were lost from the soil. It is 
rec^oiumended that ground limestone should be evaluated on the basis of 
the fraction that is of fineness less than 4P mesh. R.W. 

Lim# Requirement of the Soil Related to the Type of Manuring; la thef 

£. Ernest. Latultmanueu. (1982), 15, 808. 

It was found that re.spoii»e to lime was greatest on unmanured 
plots and those receiving farmyard manure and farmyard manure plus 
superphosphate. All other manures lowered the response to lime. 
Sodium nitrate reduced the response least and calcium cyanaroide most. 

R.W. 


Manurlul Treatmenta on the Chemical Compoaition of Straw^rriea; The 
Effect of varioua. 

L. D. M. Knight axii T. WAr-LACE. J. Pom. and Hart. Sd (1982), 10. 
147-90. 

The following innnurial treatments were given in the 1981 season : — 
Farmyaitl manure;* farmyard manure and complete inorganic fertiliser; 
complete Imlky organic fertiliser; complete inorganic fertiliser; aw 



386 


The Welsh Journal of Agrictdture, 


organic manure containing nitrogen and phosphorus, but no potassium. 
The results show that potassium deficiency is an important factor, and 
that a definite correlation exists between applications of potassic fertil- 
isers and the chemical composition of strawberries. R.W. 

Organic Matter; Influence of — on Crop Yield and 'on Carbon*Nitrogea 
Ratio and Nitrate Formation in the soil. 

A. W. Blair and A. L. Prixce. Soil ScL (1938), 35, 8, 209-19. 

Cylinder experiments were carried out at the New Jersey Experi- 
ment Station on the effect of added organic matter in the form of finely 
cut rye straw in (|uantitics varying from one to eight tons per acre. 
Complete fertilisers were added in most of the work. The yields of 
non-legume crops were frequently less on the straw-treated than on the 
check cylinder. This depression of yield did not occur when legumes 
were grown or when extra nitrogen in the form of nitrate soda was 
added. This injurious effect of the rye straw was found to be tem- 
porary in character ami was not shown in the second year after applica- 
tion. The rye straw had little effect on the percentage nitrogen in the 
crop but showed a gradual increase in the carbon and nitrogen of the 
soil as the amount of organic matter was increased. Small dressings 
did not greatly influence the carbon nitrogen ratio of the soil, but with 
four to eight tons i^er acre a w’ider carlmn-nitrogen ratio was found. 
Nitrate determinations made at intervals during the period of the 
experiments indicate<] that an abundance of organic matter may depress 
nitrate formation. R.W. 

Phosphatic Fertilisers; The Arailahility of. 

R. P. Bartholomew. Arkanms Sta, Bull. (1988). 289, 1-19. 

The availability of phosphorus from different sources was estimated 
from dry matter yield and phosphorus absorption. Superphosphate 
phosphorus was found more readily absorbed than that of mono calcium 
phosphate. Limestone and soluble phosphates could apparently be 
added together to acid soils without serious loss of phosphate avail- 
ability. Neutralisation with ammonia up to 6.8% did not decrease the 
availability of superphosphate phosphorus. The low availability of rock 
phosphates could be improved by addition of magnesium sulphate but 
not enough to justify recommendation of the mixture for the local 
conditions studied. It is suggested that the increase in the absorb- 
ability of calcium phosphates effected by soluble magnesium salts is 
probably the explanation, for the greater absorption of phosphorus from 
superphosphate and animoniated superphosphates than from mono- 
^ calcium phosphate. R.W. 

Rock Pkosphate In Ulinoia soils when iisod libormllj for twonty-flro to 
thirty years and Influence of die Treatment on ATailahle Fotaih 
and Total Nitrogen; The Availahility and Downward Moeoment 
of. 

A. V. Thor. J. Amer. Soc. Agron. (1988), 25, 10, 861-74, 

A study was made of the availability and downward movement of 
phosphorus in the soils of three Illinois Corn belt farms, to which 
liberal amounts of rock phosphates had been applied during the Iwt 25 
to 80 years. In all cases rock phosphates had given aadifaetory 
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results. The amounts of soluble phosphorus (in 0.002N. H2SO4) had 
been increased on all three farms. The downward movement of phos> 
phorus was also evident. On the open textured soils there was an 
appreciable movement into the and depths. On the more 

compact soil there was a definite movement into the W'-2V depth. 
The main cause of the downward movement is believed to be mechanical 
by gravitional water, whilst the decay of the roots of the deep-rooted 
legumes, lucerne and sweet clover is regarded as a subsidiary factor. 
The use of rock phosphate and lime with the growing of legumes re- 
gularly in the rotation had apparently increased the amounts of avail- 
, able potash and total nitrogen in the surface soil of two of the farms. 
In the case of the other farm this relationship had been masked by the 
large amounts naturally present and the inherent irregularities of the 
soil. R.W. 

Rye and Oat Straws; Influence of — ^upon the Growth and Yield of 

Certain Vegetables. 

B. E. Gilbert and F. R. Pember. Soil Set, (19.38), 35, 2, 115-22. 

Evidence is contributed firom the Rhode Island Experimental 
Station showing the inhibitory effects of large quantities of poorly 
decomposed organic matter upon plant growth. The effect of rye and 
oat straws of different compositions and stage of decomposition and at 
various rates of application on the growth of lettuce, celery, beets, 
carrots, onions, and spinach were tested in pot experiments. The 
results indi<‘ated that such resistant organic matter sources have doubt- 
ful value as substitutes for stable manure, and that although it may be 
possible to balance the inhibitory effect which accompanies the decom- 
position of low nitrogen straws by very large applications of nitrogen, 
these are of necessity so large as to be uneconomical. R.W. 

Sodium Chlorate when used aa an Herbicide; The Adsorption and 

Movement of. 

W. E. Loomis, E. V. Smith, Russell Bisey, and L. E. Arnold. J. 

Amer, Soc, Agron, (1988), 24, 11, 724-89. 

Sodium chlorate readily penetrates all the external surfaces of the 
plant with the exception of the unusually heavy cuticle or corky layers, 
and may be expected to gain entrance to the plant whether applied to 
the leaves, to herbaceous stems, to rhizomes, or to roots. When applied 
to the soil directly or reaching it in the drip and leachings from sprayed 
plants, sodium chlorate has persisted in the soil in an apparently un- 
changed form for 2^ years. It was particularly persistent when large 
quantities of the salt were allow'ed to accumulate in an unleached sub- 
soil. From the soil solution it may be absorbed by the rhizomes and 
roots of plants and translocated to the tops so that both the tops and 
roots are killed by the toxin. The removal of sodium chlorate from the 
soil by leachiiHg is possible, but large volumes of water are required and 
the evidence points to the decomposition of the salt as the principal 
cause of its disappearance. Decomposition is fairly rapid in moist soil 
at temperatures al^ve 20®C but may be very slow in cool dry soil. It is 
suggested that .this behaviour of the chlorate can be used to advantage 
in order to assure a continued action on persistent weeds and in avoiding 
excessive accumulation of chlorates in soils in which decomposition is 
•onnaliy slow. R.W. 
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UfW; Some TraufermAUcms of — iMidI Tlisir iUiMftaffI Efffd on tho 

Soil 

H. W. Jones. Soil ScL (1932), 4, 281-299. 

Observations on the eSec't of soil mol&turo, of time, of temperature 
and of concentration of urea in the soil on the converaipn of urea to 
ammonia and nitrates were made. 

The rate of ammonia at'cuniulation from urea decreased with increase 
in soil moisture in the early period of incubation, but when nitrification 
began the quantity of ammonia accumulated from urea decreased with 
an increase of moisture up to 13.95% of dry soil. At 15.85% and 
17.95% moisture, the ammonia accumulation again ancreased, but at 
20.55% moisture which gave an anaerobic condition of the soil very 
little ammonia accumulated from the urea. The conversion of ammonia 
to nitrate took place very slowly in <‘omparison with the rate of con- 
version from urea to ammonia. Doubling the concentration of the urea 
in the soil produced a slightly higher concentration of nitrate nitrogen, 
but the percentage of urea nitrogen converted to nitrate was less at the 
hiigher concentration of urc^a. Over the average daily temf>erature range. 
10®C to 80®C, the production of nitrates from urea appeared to vary 
directly with temjierature. R.W. 
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